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(57) Abstract: It is intended to provide an 
efficient and sure gene targeting method 
embodied at an arbitrary position in the genome 
of an organism and a kit therefor It is also 
intended to provide a method for tartgetedly 
disrupting an arbitrary gene in the genome of 
an organism which comprises: 1) the step of 
providing the whole sequencial data of the 
genome of the organism; 2) the step of selecting at 
least one arbitrary region in the sequence; 3) the 
step of providing a vector containing a sequence 
homologous with the region selected above 
and a marker gene; 4) the step of transforming 
the organism by the vector; and 5) the step of 
providing the organism under such conditions as 
allowing homologous recombination. Moreover, 
the genome of a hyperthermos table bacterium 
and its array are provided. 
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7i;^fi?y^ biXV (phenoxaz ine — m o d i f i e d 
cytos ine) T?«*$;h,fc«ilMM- !> ^ ^ h\ DNA*©y^ 

«t^y k+^u #-*as2' h^e-vm h^r^y a?— 

_h©a#L£ftfc: (S-fctt. i-^t©) = K>©3#B©teS#$g-£:&*:i3j;t* 
/titz.tt.T*** W / ^v&£^ffifc£*i,;/fcIB^£ffrifei-* c £ R: J: 19 5Sf&£ 

(Batzer et al. , Nucleic Acid Res. 19: 5081 (1991) ; Ohtsuka et al. . J. 
Biol. Chem. 260: 2605-2608 (1985); Rossolini et al. % Mol. Cell. Probes 8: 
15 91-98 (1994)). #3§0S©»fc^^ If, ^ <Dtf V X ? K^tB«T fc S„ 

c DNA> mRNA. $V AD N Aft if Sr^tfo #93 mSt&Xtm 
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*5S fcxvm vmmz m set z su v> # y k * & > r. <z>£ik 

xiy{^y^ -£y>\ y^^-^>-. bVt^A 7x^;V77 = A f 

^7-=(,n7i=;V77 = A ^7x^77^^ /N'7-7^tn7x 
^/kT^^^. 3-7^7-2 -^y^/V7°n Jfc^T/l"^ Z/<DT) 

Vf£ tc L «£ m - 7 ^ =/WT v =■ f&mf £> ti 5 o 
25 ^ESBflFfc^'C F7?7t7tn^J tte, 75 7tT1»^^ > 757 
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*a^;h,&fclfi££*tftv\ 7$;»7tn^©ii tw^/l»t. 

K ^/V'Jfr*^— K 2 — O — y f-As V tfjt? K\ 

^^■K-ftBft (PNA) £*LkfclEj£<*ft5fcV\, 

r^/Mf*. jRjn^*n©3S:*Ba#*^ 4fciiiuPAc- iub b 

iochemical Nomenclature Co mm i s s i o n \Z. 
■fe v * ^f- © fc*tJiS-t- 5 aw y n ^ fc:*5 fit § l^o$fc9-C* <9 # 5 o 
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^-K©#^ 3, 4. 5. 6. 7, 8. 9. 10. 15, 20, 25. 30, 
15 4 0. 5 0&£T$*:tiU±<DT^ sm&mfbft, - - (DMtfcfofcmm vx^ 

#5„ aKP **Voi-^K©»&\ 5. 6. 7, 8, 9, 10. 15, 2 

0. 25. 30, 40. 50. 75. 1 0 0 ijSitf-fcfrUsiUi©* * K# 
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r£a$-e#5o &4&^ttH^##y^^F©4§£\ ^^fk:4W 
ttfcB^f-fcWu 4fr»«j8tffefi*'£**u #^©^w^x^i, #^©##i#j& 

Kx ^- y k n k, tfv*? varf- h\ ^ y * * h\ 

20 X^V^^F* cDNA, ^/ADNA©i5^DNA, mR 

NA©i5^RNA^tf), /Ky^^^y k> *-y=*f-y#y Fx siJCx 
(S^-^f (Witrf, *ywe^ y#>-Fx flr«eflE4toff. 3firtM££^ = >tf-t- 
b y ta'^ $ * h y T^jfcSftfca^ Eifnt u-ohijb *tb#5<s^5F m 

&fix (S^ytf^Fft^) ftifK Cltbb©^^ (#1*.^ f^^^c 



19 



ft if) & if #^&f b 3&s*r*L b fcRB^ £ v\ 
20 TWts ^fem^tbfe^Hf^ 09*.ffF Cab' ) 2 *3«fct^F a biffK". ft £> 

^D/H^^tFab^ F (ab' ) 2 77^ 
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<5o 

^/^n — r^mt. (M&tf. Kohl 

e r *3itJ«M ilstein, Nature (1975) 2 5 6 '• 4 9 5) t 
TM^CD^m mz-te. Buck?) (1 9 8 2) In Vitro 18:3 
7 7) MUTl^tiS, ft*ttfcir±, '^^^tz.n.^y 9-y*9 

#ttLfcB« (i~^t>^-r-<Tofijiiufc:j»fli«) ^mmtm 

*PJ»t-*5V>T r^cHj (antigen) tt x ^fiaot#I«l 
\Z.fa&£ftMZ>ft:n<DmW.%:^ ! io jtrnW^te-te^X r^Jgy (immuno 

gen) ttt. ffim<$m&}$Lmjfc i g*£.v% y ^^tswb^i^Lts^ 



-&fr?bvxn. m*.tt. mmw, m^f- k& z&mfbtbz tf^ti b 

j££*ufcv\ *m%®&x*te, fir, cENP-AJ&^oate^fcri-ttbm 
&<Dmmft) (Dmcomw (#*b<rau mm. m&tx*hz>m 

vn5o ^MZtitu 8«*5J:tf* «^fflI^iaoti 

*<H7 5li% it)ff*U<tt^4<i<)8 5ii%, J;^f>}^ 
25 <o r^mj kit, ^<D=Afc^- (Mftti. DNAil) fc^-r^tf*?-?-^ 
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©HJfe^«8T?tt, ^© J: 5 fc#y K©^«8tts Wit^n -feS^^S 

TKy^^K^ma^^^tPo #w*B#fc:&v^flMw?\ #y**w- 

|£*5V^©*3&^f-3 - £ £^ 5 . 
*K»I*K:*5V>-C r^qtftJSHtJ bit. fe5B^ (0»J&k£s *y^^K 
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S'J©#i|-C*te, fc^Bf^ !? Ktf***^ *©P^f^K^» 
L< tt % 4>&< t> 9©5S3Ki"55?^ is*?- Kfi©, J: b< 10© 

©, i2©ait^^whm i 3(Dmmr^^^ wki©, i 

4©5S^-T6p?^ KA©, 15(DS^fS^^Wtf Kfi©, 2 0 (Dig 

20 ^K«©> grSfeSB^T?*>9#'So *©J:5<fc»BBE?IIK:tt. _hazB©IB?iJfc;*f 
LT, '>4<it>7 0%ffiPl^ «t«3 0*U<«, 4>&< £t>8 0%fSH^ 

£ e> b< ra. 90 toi u< »9 5 %*ap&^ia?!i 

5' *«©K^fc#LTtettW-C*>5£fca*#*Uv\, -£© J: 5 
25 ^©^SE^llfcte:, ±^©IB^Jt-*|-UT. lo£fcra8MBS>5V^41ofiU:© 
^^U^ FOWL ftJPisit^/^/ttt^feSr^ri-St)©^*^*^^. 
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^JM^^WT TRNA i J t te N RNA interference© 
B&f^ 2*iRNA (dsRNA£fcV>5) © J: 5 &RNA i £31 tfe^-f 

5 fcl*5V^RNA i #-^{ciJ:oT«. RNA i t^-T®^ t IH^ 

V^o ^J^M^^T Tjt^J i^MVX TRNA i ^§l#^^i-H^J £: 
10 «U ^OtfeftltSRNA i £r3l £i£-U RNA i ^%f c ^-f-^ (#|| 

•c^-r -f v ?4 x-r ^ia^j^tp. < 1 t> 1 o % ? u**f- ks© — 
15 ^Sr^tfRNA*fc«je©gfe^^(f fen«^-t3h/fciR)es^v\ 

CKPB^W^ 0*L<» % 3' 35ffl5fcflg«r£3K J:9fftU<tt, 3' S^m* 
2^^ WM±©DNA (0!I;U*, 2~4?^VtfFS©DN 

a»KJtel*£*L&v>as % RNAiiSi<iitLttx:?)ti5l©©-oi 
20 Lt, d sRNAOi54RNA i £31 #^w^^Mfc:#A£;ft,5 £: . 

ffO^iJ— (Dicer) fcPf fifftSRN a s e I I Ii©^^V7-^ 

s RNA (s i RNA£ t>n?HMt5) £££5„ ^WSW^VT F s i RN 
25 AJ ift short interfering RNAOI&tTfe^ AX 
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HTT?#*:1 04&36^Jt©^-*«RNA«rV^\ 5' -Vl^Wt. 

3' -OH©*3£«r^TLT:i8tK 3' ^«^j2^^fflUTV>^ 0 r.© s i 
RNAfc^Wfe^^^St^H-S-U-C^ RISC (RN A— induced 
-si lencing-complex) &1&$ l £tl,Z>o - ©SS^ttWu s i 
RNAiUCS^J^tSmRNA^HILt^L, RNasell I «fc© 
iigttiaot s i RNA©4 , *8R"em'RNASr§lWfi"S. s ,i RN A©1E 
UT^I^5mRNA©E^©MI6teovvrw^ l o o%^-Sc-t*5 

ag|%^ov>-Ctt, 3fe^RiRNAiK:J:5aiW^#fc<fc5©^W:*<* 
6<)j5:}gtt^^^t§o s i RNAO < , 
RNA i ti^mRNA^iffittMtfiTtSo w © J; 5 fcttlCSrfUJB 
tt, 3E^«rfcomRNAfc:oV^r±. ^gSSSr^fcELfc s i RNA&r 
SWJiart^Ai-5^t^*W^*Sr^tfmRNA^ttS:^»-t-« 
r^^r-%5 0 t£oT, *3SKtli, s iRNA^Ot)©lrRNAilr§lfg 
Ltfflv^ iW s t^5L, s iRNA^t5i5 W (M 

4 0 d s R N A) fr^tDX ? t^^t L-TfflV^ 

£fc, imfafcMm&frZZ.t&ifcm^te^TbK s i RNA«, _LlE&8&£fci 
SU^ s iRNA©7m^»mRNAI^LTRNAMttRNA 
3j?y ^9— £ (RdRP) ©T^^—i UfSl, d s RNA^SJls 
-©dsRNA^Wt^Olf frfc&s i RNASr^ttf^ffl 

&m%SirZ> Zbh&m i5 tiZo lot, #3&93-CW\ s iRNAl^itfs 

i rna^iss J: pj^H-^^sfc, ^m-?hz>o nm\^ sA^^m #i 

ttJ35^©dsRNAW N 1, 00 0nt^±fe5ito©mRN 
AlrSi^^tSrt^f), s iRNAifr^i^s i RNAMC5 




5 »JU -^©s i RNA©^i:*5^M^©M^^.5-i:!!i^> £ 
^Kfc&V^TffiV^frS s i RNAtl RNA i Sr5l#®r-r^ i^-e^ 

10 ^tH^^^i-5^V>^Tfc°^«3t (s hRNA ; s h o r t hairpin 
RNA) T?&9#S 0 ^iB^f-*3V>T TshRNAj fctt. -*|RNAT' 

T\?l/(D£ot3:mi&bt£Z>m2 0&mtt£l±<Dfr=?&^ 5 o t©J:5*s hR 

15 *m.te&X*T V^i? y^I©DN AlH^lJ^^fH] # Lfc^T fc° 5t<D D 

NA&T 7 RNA^U ^ 7— £fc<fc •? 4" ^tf f o^RNA^tS - t \ZL 

095.Hr. 2 2 211, 2 311) <D-3k£\Z.&m&t[, v s i RNA 1 IrI 

20 itRNA i ^51^®- u *mm(Dmm®^&z~t*mM&tiz>^-e 

^^v^T^^tts^^^s^^^s^t-efeSo 5 fc^ shRNA 

ttfflV^it^t^S, shRNA»$fc, ^L<fi, 3' gJ5ffi5|SflSS:^ 
^Kft^_h> «fc 0 U < 2 0?^ W^K^±T'fet)#5„ 
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<Z)DNA-Cfe«9#5„ 
^ISim-^TJlV^frSRNA i £31 lilwWH AXlftKL-^J&Lfc 

^l^t&^TfflV^frSRNA i % j& ^-TH^te, ^ tf h P X*&J& 

10 i-5^it>-et-5 0 £<£>£-J3gSU£*3V>T. T7 RNAtfO ^7— £*3«fctrr 
7:7*13^-^— Sr/SV^, ilDNA^f)7m^*5i^ty7©RNA 

15 A-TZZ-btf-eZZo 

20 ^isft^v^T h p y i?x y f ^^-cv>^ / y ^ xt y ^ ^ 
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A&fflfeikVtc7'(A'f r *- &J1V^ 0. 7 — 1. 0M©NaCl^T, 6 
5°CTvN^7"y ?4 J £'— V£r=fTofc^ 0. l~2fi^©SSC (sa 
line-sodium citrate) gfflc ( 1 fflP 3t^<£> S S Cg^Oiia 
j&f*. 15 0mM tfrffc^MJ 1 5mM ^m^-f b V t? 

W^-^ K***i-«o ^ y ^ •^—^ a >t*s Molecular Cloning 2nd ed. , 
Current Protocols in Molecular Biology, Supplement 1-38^ DNA Cloning 1 : Core 
Techniques, A Practical Approach, Second Edition, Oxford University 

io x s xhv v b ftekftTx-s^ -? v ?4 x-r zmmfa e> f*. 0* u < r±s 

^^r^y ^X1-5££#^£S#y w^K«rv^ 0 /M^y 
15 ^@H^J^^i--5^y-<7 B ^ KSr = — Ki-SDNA05SSBB^iJ^^^< t> 6 

25 HD^sVh^J 0. 00 15Mt{btM)!>^ 0. 00 1 

5M ^x^tMJ^A, 6 5~6 8°C. £fcf±0. 0 15MffttMJ!> 
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A > 0. 0 0 1 5M fx.fWtl-hV VJ*. *S£t£5 0% */^7? K> 4 2°C 
•CfeSo hy l/^sil/ ^^fe^^oV^T«, Sambro 

ok et a 1 ., Molecular Cloning :ALaborat 
ory Manua K I2E Co 1 d Spring Harbor Lab 
oratory (Cold Spring Harbor, N, Y. 1989); 
33 cfctJ^An derson et al.^ Nucleic Acid Hybri 
dization^a Practical approach^ I V\ IRL 
Press Limited (Oxford, England). Limite 
d, Oxford, Engl a n d £r#m<£>- £o *) N J; V) * h V is 

^•^tt#6o -t© j; 5 ftmomm^Mb lt«, o . 1 %^ vjfc?tT/^^ >\ 

0 . 1 %*° V n y 0 . 1 % hTo y by^A, o . 1 % K 

^^VfiSift^ hV (NaDo d S0 4 tfcliSDS), F i c o 1 K D e 
nh a r d t ilWft&SSftfcl^ttHFD N A (*fcttBiJ©#*B*&l$D 

na) *5j;^@?x>^ h^^-efc^^ fife^is^jjfc^j^*^, &.m£tift 

5o £;ft,fe©Sl^fc©*&:i3J:t*3lJ*v W^y h U 

^ 3i ^ ix- UK ft KHB# & *. 5 £ £ ft < £ tt# 5 „ ^/!)^^ 

-^Hy^itt, M\ pH6. 8-7. 4-eHJfe$ti/5« s ; ^W*^*^ 

•5 o Anderson et a 1 . N Nucleic Acid Hybrid 
ization:a Practical Approach,$4f, IRL P 
ress Limited (Oxford, England) ^i©it 0 
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5 Tm(t) =8 1. 5 + 16. 6 (log [Na + ]) +0. 41 (%G + C) 
-6 0 0/N-O. 7 2 (%*/^T^K) 

iit% Ntt, ^^^tsritmo^$-efe«9> [Na + ] r±. w^y^-r 
io 6o ^^-tufcM/y ^ Ki^iLT, mMnmz, £-1%^— sfe u 

15 £>#|f3\ 0. 0 15Mtftthy>?^ 0. 0015M ^xyiff 

y!>A N 5 0~6 5°C. *fcte0. 0 15Mfftthy!>A, 0. 0 0 1 5M 
V^ismi- V y .*3.fctf2 0%*/^7 5 h\ 3 7~5 0 o CT?fc3o Mi 

Lt, 0. 0 15M tb^^t^ 5 0°C<Z> ri£@^c* b y is 

^ a ^ h t © fc^fefc KSIJ te^ft b ft V n r. t ^ *> D # 5 r £ tfS % £ 

H#^«to-CS^$tt5o 0. 015M tMJ V^Jr^ (tJvI'AT 

5: KftU UljftVvC* ffeLfc^DNAOlSMSm^WU ^7 1°C-efc 

So 6 5°C iM^^-y^M) -e©^fe^^^^:*5V^T^ -tUS, 6 ©cSrffF 
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&J2 OX? U^K*t»©^y dt%?U$-^Y-?v*- ^IJIOV^T, 1M Na 

c i \z.&tt%mmmm<Dmmt&m\z, 

Tm= (lo©A-TlSl:o|2'C) + (lo©G-CtSMto#4lC) 

iaotii$ti5o ft*5. 6 x^^^^-h y ^Aig (ssc) Km-fz-r 

5 h y ^">-^^f*, lMffeS (Suggs fe. Development 

al Biology Using Purified Genes N 683 Ms 
BrownfeitfFox GUI) (19 8 1) ^MO^b)* 

^Ba^lIO— IfP* fc^-^ (D^c^^tf PCR^7^ *3 £ Xfi'^ ~7 V ?4 
10 v-a ^T"* — y^r^-TS cDNA7^f^7 y — ^fc^f-^il^ti/^o 0 

* U V ©afrfS^- 3: fi-^O&^ffc U < 7 9 i^V > h ft if £ = - 
*«#J^ 1 %?^jfojf T/l^ 5 y (BSA);5 00mM y 

h y !7A (Na P0 4 ) ; ImM EDTA;4 2t©^ 7% SDS $r 

^^yV ^4-^—^3 l^mmm. ^i^*fWiJl2XSSC (6 0 0mM 
15 NaCl ;60mM f^l/^ h y «7 A) ; 5 0°C<D 0 . 1% S D S «r£tf 

0°C<DWMX*(Dl%t7 : >'ifn.mT/l'-7^l<' (BSA) ; 5 0 0mM V 
y^t h 'J (N a P 0 4 ) ; 1 5 %*M7 I 1 mM EDTA; 7% 
SDS £r<a tf^-f ^ y > 3 ^WmWt, *5 J; 5 0 °C cd 1 x 

20 SSC (3 00mM NaCl ;30mM ? =c^m~r h V V ^) 1% SD 
S^tf^i^«^^J:o-C^^tb6i£^ b y >i?~^hlkWT, 
b < te#SC#rt- 5 0 °C<DU&X-<D 1 % * ^skmT^y 5:^ (BSA) ; 200m 
M y I'Wt'f' h V ?7-k (NaP0 4 );15 %^;VA7 ^ K I 1 mM EDTA; 
7 % S D S Sr-^-t?^ y y i^-T if a V'SHlrWu & <£ T»fClft 6 5 °C<£> 0 . 

25 5 XSSC(15 0mM N a C 1 ; 1 5 mM ^xy^t h 'J 7A) ; 0. 1% 

SDS^tp^H^^^oT^ii^Sig;* h y is*?=.isVfkftTteWm 
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io fe%9©a^1-5*^u^K*o N i O0*b< 1 0©3tJ*i»-f 5** y^rf- 
KSC $£>fc;8r£L-< f*l l©l«lt5?^WKI©, 12©5S^i-5 

^ ks©, i 3©si$w-5*^ u^k*©, 1 4<Dmn-rz>*? w 

^ Kg©. 1 5 ©3g3Ri-S5C * Kft©. 2 0 ©31^5^ ^ K 

ft©, 2 5©5S^1~5^^ KfO, 3 0WiiMt5^^Vtf KSO, 

is 4 o ©st^i-si*^ 5 o©agsK-rs;** wKfi©, ^mia 

%m<Dmwti&gmw*&m-r~L$:^? 0 n^-^mmt^x^ blast 

(Altschul et al. , J. Mol. Biol. 215: 403-410 (1990) KFASTA (Pearson & Lipman, 
Proc. Natl. Acad. Sci. , USA 85 : 2444-2448 (1988) ) „ Smith and W 
a t e rma n$fe (Smith and Waterman, J. Mol. Biol. 147: 195-197 (1981)), 
25 eedleman and Wunsc h & (Needleman and Wunsch, 

J. Mol. Biol. 48 : 443-453 (1970)) & t>tlZ& : ttlt>\Z.V&fe£tl,ti:\,\ 
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V)ttl1rtc.-?4 ?uTU4 H^BTWr^), PCR^it; in s 
5 B^^*lc*5V>-C, FIR. CENP-AJfe^lu^ i©i5^t^tt, 

DNAtfcfJRNA^if) ftm^btinZo 

KS©, 1 3 05igc-r^^ ^ u^"f- Kf©, 1 4 ^ ^Hr? KS©, 

1 5©Iiit5^^vtf Kft©, 1 6 (D^miTS*? u^-f- Kft<£>, 17© 
MWt1r&?t? l 8 (DMWz-f&x? \sHr?- Kft©. l 9 (DW&Hr 

20 s^^vtfFf©, 2 o (Dmm-rz>?>? \^nrf- ks©, 2 5©iit§?^ 
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u^fyM, LASERGENE, PrimerSelect, DNA 

Star) &m^Xft^Xh£*<\ 

/<?M&£x$/h^<te^m.mm&\!km&# (mho vi??^-^^ 
^^ov^r^^fesr^ /m^s^ir^ h^^-^^^o z.<Dmmfe&tc m 

UT^^iiJ&^frLSo 0>J;U^ Geysenb (1984) Proc. Na 
tl. Acad. Sci. USA 81:3998 (Bff^^^CMt-^tt 

fe) ;^H#Wm4, 7 0 8, 8 7 1# mj%(D^K°h--7*mj£V s ^LTft 
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^Wfc£-J5fci-5fcfc©3MS) 5 *3£U?G eysenfe (198 6) Mo 1 e c u 
1 a r I mmu nology 23:709 (ffifeOffimzM bT?ftV^fB 

•t©j;5^t 0 h^7 , (^ «Bft*fettT5/fife©— ^Ba^tft»*tt5t, ^ 

y^Oft$<DMH^^T*fc«5, #*U<W\ r<Z>gB?iJte, ^<if>4 
10 7-;/i, i9ff*L<H:57$/»s 67?/i, 7T5/m, 

97^7^ 107^/E 1575/8, 207^;E 2 575/l©fi 

20 tt^* <it8 0%, 9 0 %, 9 5%, 9 6 %, 9 7%, 9 8 %£ fete 9 9 % 
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7 5;i{t mz£&a<D 3 X<&E.&t>\ *t«IUPAC-IUB B 

iochemical Nomenclature Co mm i s s i o n \ZL 

* is*-?- vhmm^ —m^tfAtibtifc 1 ki-j: <9m^^^#s= 

bthZ>$LW<D%:&$:ibZ)Z.k\z.£.^x, -vy^firlt ^yfW 

7*n^7AtLm TBLASTN, BLASTP, FASTA, TFAS 
TAJ5WCLUSTALW (Pearson and Lipman, 19 

20 88, Proc. Natl. Acad. Sci. USA 8 5 (8) : 2444 
-2448, Altschul e t a 1 ., 1990, J.Mol. Bi 
ol. 2 1 5 (3) : 403-4 1 0, Thompson et al., 19 
94, Nucleic Acids Res. 22(2): 4673-4680. 
Higgins et al., 1996, Methods Enzymol. 

25 2 6 6:3 8 3-40 2, Al tschul et al., 1990, J.M 
ol. Biol. 215 (3) : 403-4 1 0, Altschul et a 
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1., 1993, Nature Genetics 3:266-272) &h 

tfc^g^M&V^TjlftWB asic Local Alignment Se 
arch Tool (BLAST) (fcfc&fif, Karlin and Alt 
schul, 1990, Proc. Natl. Acad. Sci. USA 8 
7 : 2 2 6 7-2 2 6 8, Al t schul et a 1 ., 1990, J.M 
o 1 . Biol. 215:403-410. Altschul et al., 
19 9 3, Nature Genetics 3:266 — 272, Alts 
chul et al., 1997, Nuc. Acids Res. 25:33 

89-340 2&^m(Dz.b) %m^x?i/s<?w&£x$mmm&i<Dmm®i%: 

(1) BLASTPfc % j:^BLAST3T-T^/f©^xy-iB^^^y 
/< ? fffiPK?**- 9 * b ifctfc \ 

(2) B L A S TNT? 9 Utt F<D?^V — Wffl&X 9 KE^Jf 

(4) TBLASTN-e^y^fo^x 1 ; — mw&6o<Dm&W (MJj 

(5) TB LASTXt*?^l/tf KO^x !J fi^J^r 6 o©i^#t« 
0* L < « 9 ^ fCSH^iJ^— * * & f*^^IE^Jx— * * # h 

fiit.mkm^lb<omx rwxart^yh^j in^fltt^S^co-fe^y > 

b Sr#^i- S - t «fc o-CtSI^iH^J^I^^-t-^ ©-e*>5 0 ^ * a Tir ^ 
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# 



v by yV^h bTB LOSUM6 2"=? */ 9 7> (Gonnet et a 
1., 1 9 9 2, Science 256 : 1443-144 5, Heniko 
5 ff and Henikoff, 1993, Proteins 17:49 
-6 1) Z.(D^r h V \^\^%(D-X*fet£\^fts PAM 

4fcl4PAM2 5 0-r f 5 y ^^tffilT?t5 &fi£. Schwartz 

and Dayhoff, eds., 1978, Matrices for D 
etecting Distance Relationships: At 
10 las of Protein Sequence and Structu 
re, Washington: National Biomedical R 
esearch Foundatio n$r#HR©d£)o BLAST^p^A 

U< W:^.— If — @#©*B H335fc if If — #86 g 
15 ^/W&^fc-Ti?^ J" h£r5S4Ri-5o i®frl$&^f£<£:3fc#>5K a r 1 i n 

(Karl in and Altschul, 1990, Proc. Natl. 
Acad. Sci. USA 87:2267-226 8#fl8tf>£ fc), 

*w*B»i-*3v>T. iew rtBuu Witt, tai^^mm^^^wsas 

Srje^$-«rS-^t-<fc •JW^S^i^'^trSo *® £ 5 feffi BIT? 5 
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^ KTffc 9 . J: 9 U < tes < £: 2 0 ^ x^Urf- Kt?*> , 
ft< 1 1>*&5 K-efc<9#5 0 0*U<te, *©J:5*««tt. at 
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m&&4&J&mi&s BWk IbttftlfiU HiWffiJ^ SAtt, ■MMHfltfsitflMMB 

UTV^fc©#W3*£;h,<5. £?*b<te. -tOid^^^ — tt. Ther 
10 mo coccus kodakaraensis KOD 1 1*3 "C g RTtS 

20 U#5o T-DNAl^lt ^T^o/^T^A^fflV^^Otfe^f 

i LTte, «wb\ i»$Bj§&. m&'mu, Wimmfr&zx* 
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mmmmz%rtz> m&z-^??—} tvxi^ pBTr P 2. p b t a c 

1. pBTac2 (V^ftl/feRo c he Molecular Bioche 
m i c a 1 s «£ 9 rfcix) . P KK2 33-2 (Pharmacia). pSE2 
5 8 0 (Invitrogen). pGEMEX— 1 (Promega). pQE 
-8 (QIAGEN). pKYPIO (#iBg5 8 - 1 1 0 6 0 0), pKYP 

2 0 0 (Agric. Biol. Chem., 4 8, 6 6 9 (1 9 8 4)), pL 
SA1 (Agric. Biol. Chem., 5 3, 2 7 7 (1 9 8 9)). pG 
ELI (Proc. Natl. Acad. Sci.USA, 82, 4306 (1 

10 985)), pBluescript II SK+(Stratagene). 
pBluescript II SK (— ) (Stratagene). pTr 
s30 (FERM BP-5 4 0 7). pTrs32 (FERM BP-540 
8), p GH A 2 (FERM BP-400). p G KA 2 (FERM B-6 
798). pTerm2 (#IW 3-22979, US4 6 8 6 1 9 1, US4 

15 939094, US5160735).pEG400[J.Bacter io 1., 
1 7 2, 2 3 9 2 (1 9 9 0)], pGEX (Pharmacia), pET^ 
T^A(Novagen), pSupex. pUBllO, pTP5, pC194. 
pTrxFus ( I n v i t r o g e n), pMAL— c 2 (New Engl 
and Biolabs), pUC19 [Gene, 33, 103 (1985)]. 

20 pSTV28 (Sigat), pUC118 (S?g3£). pPAl (#MBg6 3-2 

3 3 7 9 8) ft^WJ^^So 

*fc^O0^§^il:^^Wr ; 5DNA±OD^^V^V^, RNA^y^ y—M 
2 5 ? ^s<?^zi — y^&(Dmi^*y^<D±.Wifo2 k b p $kft <DfcmX fe £ ^ 
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Ai-zxm^&fo\i^-rti-bm^z>zb&-e%* mm. b7^7x^^ 3 

0-2 5 1 8 8 7). 7^ P/Utfl/ (jfrfe^) 2fe (#fffg 2 6 0 6 
8 5 6. ^fF^2 5 1 7 8 1 3) ^) WJ^tl^o 
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Tk-pyrF^cm^No. 25. No. 27^rASW-YT^#:^ffi20mlt?i#^ 
i 

5 1 ^TVH-O ti#^3nilj; VMM (No. 25, No. 27#5^^7 P /V) 
1 

0.8XASW+80mM CaC12 200/z K 7fC_h-e30minfi-B 

i 

pUC118/DS N pUC118/DD£r3*ig21'£'U 7k±-T?lhS£ft 
10 (IkI— f-^^ P /^ : lr20-fo 0 Control fclteTE buffer 
i 

85^ 45 s "Cheat shock 
1 

}JC_b-eiOmini£tt 
15 4 

Ura— ASW-AA?g^jfe-etu^ (?#1bi2^<Z> ? 7 V/MC J: «9 if fit) 
i 

i 

20 Ura— ASW-AA@#:i#i&-C^ 

^V^^t^^^^^^^tlfel-PS^^^^V^ r^-C, _h|BASW (AX 
StK) ^>la^{*^T<^^*5«3T'fc6 : lXAX^TK (Artificial sea water 
(ASW) ) (/L) : NaCl 20g J MgCl 2 - 6H 2 0 3g 5 MgSCV 7H 2 0 6g 5 (NH 4 ) 2 S0 4 lg '> 
NaHC0 3 0 . 2g 5 CaCl 2 - 2H 2 0 0 . 3g KCl 0 . 5g '> NaBr 0 . 05g > SrCl 2 - 6H 2 0 

25 0.02g J *5^t^Fe(NH 4 ) ^^^O.Olgo 
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^9g^#(-*3v>T5t^^ mmm%)} tit, Jte^©**®***^^** 
*mmmz&^xtfv^^v&m&-rz>xmk vxit, m*.&. *©#y 
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stilts m^mfeisn-r, ft&fabm.fc*mwz.&\f^xmmtstiz>&m<Dfe3: 
&?Lm3=mm*mm-rz>4kmz, &m£fr%^mm<DmMiz.mwvxmmz. 
m^mm^m^^n^>o ^frt>tem?ut. mnmtk. mmm. mmm^ 

k t ^m- ©«mb *^-rz> mv, mia^j 4» © i j^jlgo r =• / ^ 

%\,^ti:Mmtitcm&^mfj:£^z.£VMmisXfabmm-rz> 0 ^mmm 
20 -x, ^^ev?^if— ^frfem^m®im%:b*%m^xmMvxmmmftm&^ 
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n&frT % SWGmXZ.&^X^ ^fcte-^DNA^- KE^O^/WC^T 
T, 4#¥tttffittoifi 6>*»4jWcft bit, a*©gfe3gas N ^cgiijRWfc^T 

«C05miH4tt. -mzM&&WX*m#>t>tlX^Z> (Kyte. J^i^Do o 
10 1 ittle, R. F. J.Mol. Biol. 157 (1): 105-132, 
1 9 8 2), T$^Bfe©BfeK«jtt«tt. £j£ bfc^ i"** ~2M?l5£t-3F-£ 

£xpmffi<D'&mzm^<m*^&*m i 9%xbti% 0 ^bii^yn-f^ 

is ^(+4. 5);^yv (+4. 2) ; o>Tf J' (+3. 8) ; 

(+2. 8) ; ^*7^>-/v'*^ (+2. 5) ; t^-Jr-is (+ 1 . g);T 

9 = ^(+i. 8);^yi/^ (-0. 4);*w3-~^ (-0. 7);±))^(- 

o. 8); hy^b77^ (-o. 9) i^visi/ (-1. 3) ; y ^ (- 1. 

6) ; (- 3. 2) ; f/i'? (-3. 5);^W^^^(-3. 

20 5) ; T*s<7*ei/%& (- 3. 5) ; TXs<7*?Z/ (- 3. 6) ; JJ (— 3 . 

9) ; *5JU*:r (-4. 5)) -efcSo 
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5 5 4, 1 0 l#&c!Bii£;J-L5£ 5 fc* KT^JR^tttSft^T 5 y 
5 t>^Tb*l/rv>5 : TAs2?~l' (+3. 0) ; 9 (+ 3 . 0) ; TX/*7*c 
ism (+3. o±l);^Vv^^^m (+3. o±i);-fey^(+o. 3);t 
^^7^^ (+o. 2) ; ^/v*^ (+o. 2) ; ^y s/^ (o) ; 
(-0. 4) ; V > (-0. 5±i) ; T"7=-^ (-0. 5);fc*^^ (- 
0.5); vxf^v (-1. o) ; *?-3r~i/ (-1. 3);/^yy (-1. 5) ; 
10 (-1. 8);-fyn^f^y (-1. 8) ; ^nis-y (- 2. 3) ; 7^ 

-^T^-^ (-2. 5) ;te£T$hV7h'7T> (-3. 4) D T^/m^lnl 
15 t£±0. 5£(rttfc5r I9 0^UV\ 

kuq^y^ n^s^ fc^^yn^^y, &^;W&f fe^ 5^ *L bi- 
te Sfr&VX, 

■x^stemmfc^xi^ mmftmxmznxfov. ^mmm^^xB\m^n 
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Lttts MlQSc^#\ $C$c3fc$lgft^ ®8t (truncate 

5 d) gfe^#:, ^Scat^rf-agJIfrJfcif^aifcrffettS. ft&Mte* (a l l e 1 e) 

£9fe3E#*rV^o rmffipgftrjfcfcte*^*^ (homo 1 o g)j tfi, 
10 £U<te, 6 0%£JLh©*SI*H4, J;i9 0*U<fi> 8 0%£A±. 8 5%^ 

9 0%^, 9 5 %U±<DftWl&) fc^rt-Sfc^Srv^o *©J;5*«*BW^ 
Sr«i#-r ^wanfcoiBgtt^w&a^fca. rt/vyn^ (o r t h 

o 1 o g)j bfe^ t/^y n^f^jt^-?- (orthologous gene) 

25 5o aK^GCA, GCC GCG N *5 £U?G CU»t-<T, 75/ 
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• 



^Ii?r4i57^ /^refcS^TM ^©e&SrUBKi-S J: 5 

6 0 ££><fc5&i&##J3fc^ ^i^^h3feast>*^ ##W©«£ffirtK:*>5o 

25 tOi5 4ft^ 1 */c^#ci@-efc«9#> J tLtff4L<tt, i#©S$©2 
0%£JU*^ 10%^, ifcfctel 0 0^T\ 5 Otters 2 5H£XT*ift? 
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b e 1 F. A. (1 9 8 8), Current Protocols i 

n Molecular Biology, Wiley, New Yor 
k, NY;Sambrook Jb ■ (1 9 8 7) Molecular C 
1 oning : A Laboratory Manual, 2nd Ed., C 
old Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY^^^Ltitf t W 
mMfcmM&~tZ> rim So 

^fc&LTffi^t£*^Tt-5w£&lMr\ fcixifcf, 3 7 0 c£^g;t5^&m^:;fcj- 



51 



* 



ft";V7 , of7-fI4|T hermococcus kodakarae 
nsis K O D 1 (M or ikawa, M. et a l. s Appl. En 
viron. Microbiol. 60 (12), 4559-4566 (199 

4)) T-fc5„ KOB-iwmk^nikmAmm^m^m^mi^w±m^^ 

(T3 0 5-8 5 6 6 ^Jfto < fcfrffJiC 1 - 1 - 1 *^6)^# 
K£*l/r*5»J % ^©SKSfliFERM P-l 5 0 0 7f tfc5 0 ft**. £ 
©KOD-lttlt ±1B:£lfcte:fB*fc£*LTV'»5,J: ^gt^lxfc^laP y r 

ococcusIi^i^nWc, U^U DNASIS (B4y7h!>x 
T— V IsJfttM) ^A^J^tbTV^G e nB a n k R91.0 O 
ctober, 1995 +D aily Update (D^i^f— ? £r/i 1 
6S r RJ<iA(Dmn(Dit^t^:mmVtct ^5. KOD-lt(iPyroco 
ecu s Met 9 tet? L^Th ermococcu sltfiii-C'fcSi 

^T?{j:T hermococcus kodakaraensis KO 
D-l tfrMtStlX^Zo 

MZ.&Ap pi. Environ. Microbiol. 6 0 (1 2), 4 5 5 
9-4566 (1994) (fufct}) ^|B^<D^#^Tt?^iS M#£o 

wnmm-ktcn^m^^x zmnmwmmv^-r ^x$> y> =t vxmm 
m&fcfe\Bift#)w^-ftifaxh v 



52 



CL£#$-e£5 (08jfc.HU Imanaka et al., J. Bacterio 
1 . 1 4 7 : 7 7 6-7 8 6 (1981) £r#ff <Z>vL £)„ !> — 

5 K& 5 ft) KIT 4 DNAy^^rav>Tlfet5riti'!)# 

NA y 7?— if — Ki-SDNASr-grtf ^ n-y§rMt5 r. £ <£ 9 *TV^# 
<5 0 3B&i±, MX.t£, T"**3£**bVt«WIIW4DNAP^f--tf©»^T$/ifc 

5£f£$y£;ft5^-WbDNAft^<i:7 p t3 — :/£ UT^V>T^Jfe*tb#5 0 

Molecular Cloning: A Laboratory Man 
u a 1 ^2)&J (Sambrook, Fritsc h$5j;^Ma n i a t i s W> 
, Co 1 d Spring Harbor Laboratory Pres 
s, 1 9 8 9) ^|5S$^"CV>^> 0 
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10 5) §rfi'^i" ; 5o 

DNATWtov^tt, (mmttm. mmx^m fdnaw^otw 

£*£rPCR$£j) fcj£<«lft$tbTV^5 0 DNA7W^V^i«l© 
#Mlf^oV^T 1 bftjafTt>*l/5J:5^*oTV>5 (Schenk PM<b (20 
00) Proc. Natl. Acad. Sci. (USA) 9 7:1 1 6 5 5- 
15 1 1 6 6 0). UT, DNATls4&&Xfi*fr&&m+ZM.ttft1ftjj&:&te& 

TDNATWJ bit, DNA^SI±t7Wl?tJ (array) Ht, 
H^itrfcx'M *3rV^o DNA7WI1 £3: fcf«i£5DN 

A«iaoX, DNA^^P7W^3it;DNAT/f^BrW4W 

NA-^nTWj fctt. ^y^l/y±i-DNA^^5'hLtii5M7^/l' 
(h i g h density filter) FdNAW^pT 

25 grtraffiS^ioT, cDNATW, ty^DNATWft^tiS. 
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m • 

•7 4— (photol i thography) &fl?&JSJ3 U ^±"e— 

^hz-X, ftfc rDNAfy/ (chip)j tV^o ^tf>#Sc«SrJll^Tf£|g£ 
frlfc&cD^ UTS, GeneChip (^B^W) (Af f imetr ix, C 
5 A) ftif^WbfrS (Marshall A£>. (1998) Nat. Bio 
technol. 16:27-3 liS^Rams ay Gf), (1 9 9 8) N 
at.Biotechnol.16 40-4 4Sr#fiS©^^)o £r£b< 
^BJ^*5^5-^^ ^BTWSrlV^Afi^i^KJSV^H:, w£>G e n e 
Ch i p (Sfti&gi) ^vn^^#5 0 DNAfy^tt, tfeiSKiH:±ia<z>J:5 
10 lOfett&frSa^ DNATW^fdiDNA^^n/K^MV^rtt) 

fr&&£%Ate¥Vl1A&ft&&\z&WV1tJ s '*>C c DN 

A, c RNAtfctt^ / ADNAi©^^!) ^ tiot, stfe 

8&<£>fl?#f (FambroughDb (1999), Cell 9 7,7 2 7- 
7 4 1). mMmm.<DWm<DM%r (Iyer VR^ (1 9 9 9), Scien 
ce 283:83-87), glo p p^^fflil* (Marton MJ, (19 
20 99), Nat. Med. 4:1293-1301), 3££ • 5Mb0>iBfefc*5tt 

A-^^T^ a7 W-e^?Wi-5-i^Rr^^>fcoTV>5 (Cargill MS>. 
25 (1999), Nat. Genet. 22: 231-238 )<, 

DNA^ ^a7W SrfflV^T yir-T tf>M3I$rt&^-t~3o DNAv/f ? a 
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^5DNA^o-^ilMtl^LTf}lt5o Z<D&, gSllfcil (ft 
fcttcDNA&T'n^i: Lfcv^^nTK^ mRNA^^^^RJS}' 
10 V^#5 0 

F o d o r bf*. ayiftMJT^^ b y £^##«M7tey y^77 
^gEfl?££-^:fr^-C. S^-b^^y^-^#^-r^S^lf?:ll^bfc (Fodo 
r SPf), (1991) Science 2 5 1 : 7 6 7 - 7 7 3 ) e m£r N 

15 10/im2/DNAfy7 e ;l'tV^fc$l^(D^DNA-7'f^n 

<£>DNA#^/&£tL#3 0 

^J&MDNA^s>:/£fflV^c*fc^gfiJ3:, L o c k a r t bflMR^UTV* 
5 (Lockart D J £> (1 9 9 6) Nat. Bio techno 1. : 
20 14:1675-168 0) o i^&TTO, £-jfc£*L#5S£j&S$KV\/fc«>4$£ 

'tt^v^tv^5*^-r7 p ©^■^y7 p o^^m$^fc 0 rrm locate 

+#C^Bf {21^1-5^— 7x^ h^y^ (p e r f e c 
t match;PM) dtjL? K^o— PM7"n — 

<D 1 ffiSJt3ESSr Attfe 5:^-^5/^ (mi sma t ch ; MM) 3r V =**3* ? V 

-r-era:, ^w^y >3>'o#^^4©^t«iUTffiv^b^^ % -=eu-cp 
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5 NASrfl5U#ttW< ^^^©DNA-r/f ^nTKSrfmU 

(http://cmgm.stanford.edu/pbrown ~bt.tc0M(D t) 0 ^C0^"fe"C 
9 ft ^i»#:S£3t$£ fi^ST* » ft < . DNATWi^J:^ fflSSa* 

10 ^tfi, E#l 0 OiumO^jKy bSrl 0 O/tmBBHI-e^aKy hi-H^ 

_bl cm2f2 5 OOODNA^^y M~5 ^ £ tf s RTt£-Cfc5 0 Lfc^ot, 

mn^vJ w?* (Mtmmtt^ k^** cm 2) i^j;^i»dna 

15 Kf fcti/So .2o(Dl/j:5mRNAtyy;vHJiWj:5f 

^iiLTft fllfctf. Cy 5*5j:tJ«Cy 3ftif^%fflV>^>tb-CV>5^ % 
-€:;fte>K:Rg^£;h/ftV\ Cy SfeitJtCy 5©^tt, ^Mtft^Mft 9 
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5&£Mt5 r t^SElci-So r©J;5*TWii:Ltit spb 10200 
5 0 (0iV7f'>x7xyi/-7y>'^; lifTM), GMS4 17Ar r a 
y e r (MMfe > ^^V^^M), Gene Tip Stamping (P* 

fflw^ttx #y L-y v^a— f*fc^^y/Wk'fc^ s ^T^tbTv>6 (sch 

ena Mfe (1995) Science 270:467-470), Sc 
hena M£> (1996) Proc. Natl. Acad. Sci. (US 
A) 93:10614-10619 3r#fli©^ £)„ rfTjjgODNA-^-f ^ 

15 nrWlFffla-f^^^'fK^^ (Wtil #y#/V#?SM^ K# 
(Bflf&fr) ft if) t>ffiM*tb#S 0 tMDNA©^(i, DNA» 

DNAW^nTKPt ^f-s PCR^ifc«£;ft,;fccDNAIIrtf#*Hi: 

20 v^^as#£-f-5 0 5 Kl. — ftOPCRIll^t^iOc DNAlfjt 

tmbtittfrolt-m&lZLft* PCRSr^ftDiSU #f>tLfcPCRlilr 
l£ £ &T*if®i • fiUl^c yn^cDNAIt — JRWKW:. c DNA^7 
l/?Mz.W&<m. J £Z>&. ^IRolttlciom 51^^tbfc-S^OJt^ (M 
^M^ate^^fett^o*— ^fc^RDA (r e p r e s 

25 entational differential analysis) 1?# 
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V\ *t2 — V«\ m©cDNA7-f^7 V —fat>mMVXb&<. cDN 
A ^ n - v^r * ibX A# bT % J: v \ 

bWW)XT~*Jb&ffi.%-&fr>"&fc-b<DX*-foZ> (h t t p ://cmgm. s t 
a n f o r d. e d u/p b r ownlr#I©ri:) 0 ^©^fflf^^ 
' — ^Tt^^f tfcSFMB I O (04y7 M^xT^y^T!) St 

10 orm (Molecular Dynamics) J^^f"Ct>s ^atfy h^-^tb 
ra£flS«fif"T?frtt*Lti* DN A^-f n 7 V-f ©i^t !) SrtfV^So ^-©flfc 
fcfUffl^t&fctfetfJSfc ltd, ScanArray 4000,^5 0 0 0 (G 
eneralScanning; (*«U&SDK GMS 418 A 

rray Scanner (SiSSt 5 *=*r -Y (#fc£SDK Gene T 

15 ip Scanner (B^V-iFm^P J ^-Y^S (##fc;£3DK G e n 
e Tac 2000 (Genomic Solutions ;CCD*^7 

1©77 h!73iT^JffiBr|gT?fcS (Ermolaeva Ob (1998) 
Nat. Genet. 20: 19-23 ) G r-^^^©7t-Vj/ h 

ir Ltlt Mx.fi, Af fymetri X mt^5GATC (gene 
tic analysis technology consortium) 
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X^W (differential display) &flf£rJ3 ^tc&fc^ 

10 (material) &V>5. ^ft^Wr £ Uttt, * 

15 Mi^ ^y#, J/Jav, -fe^S 

25 TKy^^w^. rt^-^mm. #y tfM^-K ^yru\ 
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& «fc ■£ <D T W $ 5 ffit <D#8k<D ft #> K&S%:mQLm<DU& 

cmft£\ 1 2 5 X 8 0mm N lOXlOmm^if) ©*Sffl-e& 9 #5*** * 
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# 



^©ll^^^ri o 7 r Ki'^-e, io 6 7Kv^*t\ io 5 tk^ 

«©&flc^f-*"C % 1 0 6 m<D^^^X\ lO'fi©^^*^ 10 4 
{@©^^^T% 1 0 3 ^©£{£#^ jfcfcte 1 0 2 m<D*£fcfr*&X<D 
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(09*.^ y/ADNAtfcttcDNA, fc5V^£PCRfr2?{;i,);o-C# 
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# 



*wjbb*ihs8v^-c mm iw:, 2o©ii will mj&to&xTtmte) 

lo(D^MtJi*3V>T. *»93T*B\ (tctZ.lt, *«te^f-s 

gi$tftm-Vffl%lX*hZ>offlZ-t$.'E. R- Felder, Chimia 1994, 48, 512-541; Gallop 
J. Med. Chem. 1994, 37, 1233-1251; R. A. Houghten, Trends Genet. 1993, 
9, 235-239; Houghten Nature 1991, 354, 84-86; Lam Nature 1991, 354, 
82-84; Carell Chem. Biol. 1995, 3, 171-183; Madden Perspectives in 
20 Drug Discovery and Design2, 269-282; Cwirla Biochemistry 1990, 87, 
6378-63825 Brenner £^Proc.Natl. Acad. Sci. USA 1992, 89, 5381-5383; Gordon 
J. Med. Chem. 1994,37, 1385-1401; Lebl Biopolymers 1995, 37 177-198 ; 



64 




;fc3&9§ fit £ fetes RFLP, SNP (^^5/^ fffim<o&mM%r. M. 

mm. mm, ttmttzx*. ^^(D^m^m^h<DK^xmst^mx^^ 0 

*&W}*&1t, ^A^ilgaDSlfet^^^l^ PCR. S DA, N 

*ttat^tt^*«ft^ftfcSttJ?Ji«K^ FITC, n — 
T^V^. Texas Red. Wr-T if (D&ftmW, 

mm. '^tis, rn^trnm. &=n>r k^©^^ & 

- ^ a a *svj*mm<Dm-n#im& j $>n.ft &m^z fflmm&*m\^ z> n t a* 

20 -C#5o HT|R©3KBH6W*feQ I Aamp (QIAGENfc SO 

^ 'ftygiSO. 0 1~5<D^fflT% pH5~l 0<D$£ffl ©M®^* "Cff 
25 f^DNA, ^>WDNA, EDTA. JHffigttfiflfc Z&WM U#5 0 
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5„ s/MJ£tei 0^-9 o°co^ig-e&9, ^fc^^w^i^±^fe i 
mz-te^ oi~5o®ig-e. P H5~io©»i«M 

10 mmj?mtvxfe. ri (y^r-ryh-^) as 
^3fe^^#ifs- i^x^^o Jbifi©^miifJt*3J:^wi4^"r^-y =^ 

15 5t><o^fc;mmftt>^;5^£2ST*ii:5^ ->T~>"fefSf (0a*. tf. Cy D 
y e™ */D — X©Cy 3. Cy5f), P^^6Gm N~Tir h 3rS^- 
N2-T-fef;W7 5/7;l'tl'y (AAF) N AA I F (AAFOa^ii^ft:) 

tfcmnt^Xte, Mtlf, Cy5in^^y6G^li:©|l^t N Cy 
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»^x^, $t*±®^ «&4fc^ 3tft^*5J;tJ«B83l6i-«^' 

ti^)DItoV^T^j:, Mx.fl. Campbell, S. A. (1996). The Science 
andEngineering of Microelectronic Fabrication, Oxford University Press; 
Zaut, P. V. (1996). Micromicroarray Fabrication: a Practical Guide to 
Semiconductor Processing, Semiconductor Services; Madou, M. J. (1997). 
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Fundamentals of Microfabrication, CRC1 5 Press; Rai-Choudhury, P. (1997). 
Handbook of Microlithography, Micromachining, & Microfabrication: 
Microlithography & ¥\Z.'B1fc&thX& Y) N £*bfett;fc01fa»te:fcV^H&-**5 

•7* Y y V^77^- Sflftts Fordoretal. t <t o T ^ ilfcgfT & I? „ 
JtR}&®iVmm%ft}m-r& (Science, 251, 767 (1991) »a) t 

Sr^^y b^^ElfMo^iB^J^#^,ti,5^-e^3g > r-^tJ:«toT DNA TWf 
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st-v&Zo mnm^zft^t^^fv^v vmrnn, rcoj: 5 t^mm* iokhz 

dna r w &3l§£fiH\ ^y^e?xyh t dna t w S*£ t zmMMM £ * 

5 £ t tn J; 9 . DNA T W Jk£>e>tII^* *K y b \z.ffim<0&Q% Sr^T-TS - 1 ^t? 
5 f 5o ^^^xy h§£g£r^ofc DNA TWSBSS*teW\ *£<:bttT 2 
«^fe^o l otefctff l ■&<M 5/ hgHSrJBv^ dna T WJBffiBWe 

fl? l ^ S?* y hsg@2rfflV\fc DNA T W JSBt§£fiW\ it V =?^—*j» 

10 <£&S£¥AUfcV^^y btfMfc^Sr. ^ S** y h3£S&JBVvC|fe 

■S-tft^l©^ ^^^*y bil^fflm-itioT^ #*#y hfcteBr 

h&ft&JBVNfc DNA T WtHS^e £ & fciftV^/W— TV b^#5> 
TV^StfirC&fco r.(7>^fe"C#fe*l/5^JHy H*. 50~300/*m @&fcftS 0 

25 a?* v^mmmmfD^m) 
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# • 

^iiiR-raxm ; 3) ±®a&£;ft,^#£tei^fcE?!L *3.j:t^— at 

**^i"5XS ; 4) X!B^*--e_L!B£^ 
i-*xm;*3«fctf5) xia^^tgp^m^x.^^c^^4 : T(-iS«i-§xa. 

$c£;ft5 *K fi£5fc<£>££fi?, fc£;U£, Bartolucci S . <£> 

Sulfolobus solfataricus SrfflV^/t^E-^/^^^^T? 
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CQ^lli: UTfi N #lxJ^> Aeropyrum pernix. Archaeo 
10 globus fulgidus^Methanobacterium t h 
ermoautorophicum, Methanococcus j ann 
aschi i , Pyurococcus abyss i , Pyrococcu 
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2088905 


2089378 


473 


0 


722 
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fcS3tt«ae^-## (l) ~ (2 15 1) ©E?Ha>6>fc58*J;!>3»&$*LS„ 
lo©»ii?fi N Z<D£5tj:mmiL. »fc^#-§- (1) ~ (2 15 1) ^ 

5 ^ / Mia?(J#-*§- Y (IH^!j#-^2 ~ 341, 3 4 3 ~ 7 2 2 N 7 2 4-1 0 86, 
1 0 8 8 — 1 4 6 8. 1 4 7 0~1 8 3 73o«ktM 8 3 9~2 1 5 7)j i LT 

20 fcfcfc<{£Jl£*L#5o 

25 *fctt^£ftfc**l':*-^KWU ^T^/mBE^lI^y — 7*4^"? 
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ZtlZDN AmmHK ^DNA|3?!lt9 9. 9% (fljfctf, 1 0 0 Oil 

±1/? — ^^fe^tbfc^^^COT h ermococcus kodakara 
ens i s KODlO^VA^I^^tia^i^iaoTn- 

^ilFlfficF tbfc^fc^lf^^T hermococcus kodakaraensi 
s KODlvmW&mzmfelrZZbKX^xmfeirZZb&XZZo 

15 m<Dmmiz&\,^x, *mmn, ^fcran o s 7\z.7jkistiz>m&\% 

fp-tH < b^ffiS O^f 1^^- h\ 'pt$ < £ 4 0^^ K> < b h 

25 i505?^ |?ll0 05C^I/tfK > t?fcott)j:<, ifc^6, 0 
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*KJiW*^*3 V ^-CffiiS r^^-J tit, *S&<D&£<DmS8B&\'V3boX, 
^* < t t>^J 6 J* * K. < t hm 7 * * b\ < 

io £ fcffi 8 * ^ K> < t -km 9 * xsir?- K. < £ t>*& l 0 ^ ^ 

1)40^^ K. < b 5 0 ^ ? K. IllOO^^ vtf-^- K 

•efeott)J:<, 6, 0 0 0^^vtfKT 4 feott,j;K 

15 l-nommzis^x* *&m}*. ±^(Dmi\^mm^ti^^^ (D 

- (2 15 1) ©V^-ftl/d»©r$/BftBB^!l (Sa^I## 2 — 3 4 1 . 3 4 3 — 7 
2 2. 7 24~1 08 6, 1 0 8 8 — 1 4 6 8. 1 4 7 0~1 8 3 7*3^^1 
839-2157) «r^-f*aKy^^KSr*^-f-5. *3SW©Jj?y K 

20 ^©SJEfcte/BSftftS, 09*.tf, ^WO^y^^-K©. Hi s*;/. 
HA^^ ^n^-Y^A. IgGK^^V, *5±tf'*7l'h — :"<*Jf 
^0]B#Wts #»»«r*AKli-5 (EP A 3 9 4, 8 2 7t4fc^iOifc ; 
Traunecker£>. Nature. 331:84 — 86 (1 988)), 

25 (2151) <D\t^T*l1>*<OT ^ / ®?@B?!j (iB^!l## 2 — 341. 343 — 72 
. 2, 7 24 — 1 0 8 6. 1 0 8 8 — 1 4 6 8. 1 4 7 0-1 8 3 7*5^^18 
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3 9-2 1 5 7) <D&t£ <H375; W&M*iStr<'7<?- K^fcttflfrrs. 
t^y^- K^te. Hfh-7*iLttffi§ti#5„ 0£b<te N 

/ miB^U < thme>T% ; Wtm^U 'J>te <bhm7T^y wm&k 'Pte 
5 < £%&j8T5/^Ifl?!k Pte< k-i>ffi9T$ smm&L 'M<it>»i07 

'pt£< fhms 07>; /mia?!k d>j&< t 075 ygftga^iL 4>&<i& 

1)5 075 / miH^iJ, <t^l00757 mga?'J-a-^#<5o «t «? ftVMS: 
^IXMfLib^&^T, ^UTtt)^U<(it M£:m>T$fcli§Cte8H££ 

15 ^^»-e^^#^fe^«j;oT^$tt5J;5^ (00 

P&&*n&t*9l''*9'gt<D--nb UT3W**b« (FJttf, G e y s e n 
Proc. Natl. Acad. Sci. USA 81 : 3998— 4002 

(1 9 8 3) &^m<Dzb) 0 mm tmm=vh—-?i tn, *wmw*-?m 
4**«jste^»ii^i-«as, m(Dmmb<D&mRfo*mKi-%!&^tet£\,\ ttm 

25 ^ h-ybVTmm-fzy^yt^hte, ftt©^©^(cj:cTl4 

£*l4#5 0 (#!I;U£. Houghten, Proc. Natl. Acad. Sc 
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i.USA 82:5131-5135 (1985) lr#I©ii„ 
*S#fFfM, 6 3 1, 2 1 l-JraB«$*L*)o 

1 t>4, 4>&< tt)5, £ t> 6, 4>ft< 775 /miB^lJ^^ 

£ t> L < te, *J>& < i: t> 8 , < i ■& 9 , < h t> 1 0 . 'J>t£< bh 
11, ^<H12, <it>13, '>^<H14, <fct>15, 

<ifc20, <i:^25, <it)30, <tt)40, < 
it5 075y»E514r^ ^:LTtt)^L< 1 5757^i:^30 

^■f-60^LV>2Ky-<^m. 4>&< £t>l 0, 1 5. 2 0. 2 5, 3 0, 
35, 4 0, 4 5, 5 0, 5 5, 6 0, 6 5, 7 0, 7 5, 8 0, 8 5, 9 0, 
9 5*fcttl 007$/S»S©lfcS-e«)5. £&&5*iJMfettfc:0*LV^ 

tfb-^tt, *Wffl»*^W^£ft5&l)5*tf:^h-:A *5«fcTJ<2, 3, 4, 
5^_h©^tL^co^LM'l4^fc 0 7^te*©m^Mr«r£iPo b — 

^f*, ^fA/Tyt^m^ UT^JS£*u#So (M£fcf, Wi 

lsonfe. Cell 37:767-778 (1 9 8 4) ; Sut cl i f f 
e £>, Science 219:660-666 (1983) %^m<D^b) 0 

!^ot^WL#5. (#Ix.fc£, Sutclif fef, (li&ffl) ; Wi 1 
sonfe (ffftt}) ;Chowfe, Proc. Natl. Acad. Sci. US 
A 82:910-914; ^J^T^B ittlefe, J. Gen. Virol. 
66:23 47-2354 (1985) «r#R&0>r. t) a 0£ LV^gEJStt^lf 
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&v\ 0H*.frf % S u t c 1 i f f e h, ftrfcH ;wi 1 son??, firm ; &£X$ 
Bittleb, J- Gen. Virol., 66:2347-2354 (19 
15 8 5) MOih Ib^SriSBI^^ K4rffl 

7H) h^eiXT— >- (hemacyanin) (KLH) 

20 ^^^WU'^f/V (MBS) 5fcU — Srfflvvc^ V T\z. 

*bd>3rJlV>T, 09*.f£ % xv/^ 3 y (j^j 10 0m g^/f K^fcf*^ y 
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10 (IgA, IgE, IgG, I gM) ©3feHfK^>r ^3; fcte^eft (C 
H1.CH2, CH3, *fcfi^tbfe^lC(Da^fc>**5J:T^-?:He>(D^). 
fcSWiT/W:/^ (*&ifc;tr/K/S I' (M&tf, 1 9 9 9¥3^2 0» 
*S#fF|g5, 8 7 6, 9 6 9-J§\ 8fc*N*m&0 4 1 3 6 2 2 *5 J: T* 
1 9 9 8^6^ 1 6 0^©*i#^l5, 7 6 6, 8 8 3f * 

is mmmfc£ox*:<D<£mzts^xmnb vxmm&tiz) &&mv>zt) 

20 J&S^^ 9*V>^*KfcOV^^£;h/rV^ 0 MxLfc£> EP 3 9 4,8 2 7; 
Trauneckerfe. Nature, 3 3 1 : 84~8 6 (1 9 8 8) ^ 

mm.(D^to ±&<Dmm^m.m^m<D^m^<Dm^tit^mm^ i s g 
c^iix.^ -r^v-^y^) ^-D^xmm^titc w*.t£* pct^iwo9 6 

25 /'2 2 0 2 4*5£TjqUW0 9 9/0 4 8 1 3 £) 0 IgG^©^7 
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# 



fif % Fountoulakisfc, J. Biochem. , 270:3958— 
3964 (1995) Sr^lOit, ±E©^ fcf h — T^rr — Ff^^^f** 
5 fc, xfh-^^ (#l*fc£. ^Jfc.^** (rHAj) mfHtz.\f7 : 7v<y (f 
1 ag) b UTB&^AfcT- b*K lim$tb^^y^^K<D 

^J±|:ioJ;tm§£&MSfcU§'5o #l*kf. Janknecht fet«toT|S^§ 

(Janknecht 1991. Proc. Natl. Aca 

10 d. Sci.USA 88:8972-897 ) 0 r E^M^T. g^J^>3t^ 

DNA^, §P^^fc«^«6t)^»M$^fc:^^. ^i^DNA* 

A^tStt©^/ ^DNA^Of i^CTtiitS, J&5 0kb N 2 
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5kb, 5kb, 4kb, 3kb, 2kb, lkb, 0. 5kb*fcte0. 1 

BUOJBSKiSsv^ &$&mit. ^l^Jt53te^## (1) ~ (2 15 1) 
(BB?iJ#-5§- 2~34 1, 3 4 3-7 2 2, 724—1086, 1088—14 
68, 1470 — 1837, *5,£t>*l 8 3 9-2 1 5 7 ^£>ft5l¥ J; 9 

^j<7)^®^*5v>T, ^mi-z, mi fcteftzmm^m^ (D - (2151) 

(IH?!l## 2 — 341, 343 — 722, 724 — 1086, 1088—14 
68, 1470 — 1837, *5J;U*1 8 3 9-2 1 5 7 £>&5i¥<£ 9 

lo<Dffi?iJi£fci«<D@B?iJ£ 7 0%^|13&IE^J&5VM«O— tf? 

&J(Z)mb^*5v>t, tt&mtt. mi fcmfzmfe^m^ (d - (2151) 

(m^m^r 2 — 341, 343 — 722, 724—1086, 1088 — 14 
20 6 8, 1 4 7 0-1 8 3 7, *5±t*l 8 3 9-2 1 5 7/^£>&5S££ 

fh lo<Dm?mtcfeZ:<Dm&\b 7 0 %^&IE?!lfcS VM«©— g&Sr^tr, ^ 

25 rct*r©^ft i) &<v£mm&m@i-rz>3im. ; 2) _h 
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ts^^-^m^-t 4) J:lB^*-T±SB&4ft&miWEife^SX5g ; 
5) ±|B»^tt^^|Rl^)|amx.^^C5^T^BS-r5X© ; 6) tiHH 

&< b%m& o 4>&< i t>«&6 o om&s t-hm7 o on, 

Tk-pyrF^tS^No. 25. No. 27^rASW-YT^^it*fe2Oml-ej0# 
20 J- 

1 If ^://WCO#i#£?|£3ml (No. 25, No.27^-5^^^) 

J. 

0.8XASW+80mM CaC12 200/* lfcSliS U 7K-bt?30min^S 
J- 

25 pUC118/DS, pUC118/DD3r3/zg$B£-U *_b-eihS8Hl 

(H— ify^^Ofo, ControlfcttTE buffer «r^**Px.fc) 
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I 

85°C, 45s-eheat shock 
I 

7k±T?10min^e 
5 1 

Ura— ASW-AAmfcigM-VMmm (W%^<D * =7 fMz. & 9 iiJit) 
i 

ura— Asw-Amfcmt&~?m& (PyrF+mzmM) 

I 

10 Ura— ASW-AA@#:i§±t&-ejt^ 

£^52MWtMf ^tb5^^rtbfe(c:RS^$tb^V\ i^T\ JblBASW (AX 

cial sea water 

(ASW) ) (/L) : NaCl 20g ; MgCl 2 - 6H 2 0 3g '> MgSCV 7H 2 0 6g ; (NH 4 ) 2 S0 4 lg '> 
NaHC0 3 0 . 2g > CaCl 2 - 2H 2 0 0 . 3g ! KC1 0 . 5g ; NaBr 0 . 05g ; SrCl 2 - 6H 2 0 
15 0 . 02g I ifoil) 5 Fe (NH 4 ) i^^SI 0.01g oo 

tbtlX^Z0kWte&\,^X, mM<Dfr&W%.&. ^3 5 0°C, 0^U<f»6 o°c. 
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U<££Thermococcus kodakaraensis KOD 
5 lXfo% 0 

10 (&m.te*<Dmm) 

^T^> #^^fc*3V>-C|^&*LfcTh ermococcus kodak 
araensis KOD 1 W<D^f / J^WMK^^fhX\^tc^M.^^\^\^X 

15 mmmws 

KOD 1 ttft 2S<Dlittt x h yf^ y/^ ^fttfs 
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*||B|f(iKOD l$z(D glutamate dehydrogenase 

(gdh) (owftzmcT, mi-mM&&*^?m^mwj:m®i&mM,L, 

kod iw\H(D-mummx^^titcGT>mi6Mi^mm^\^, -m^itm^ 
m<DGVHt tt^xmmmmm < % mmon* z> ? mm h ti 

tc 0 ^ZX7 0°C^ 2 0^©i«^tti|a^x.lGDHim?Stt, 

fr 5 £ £ «fc tK ^*fi®?mT*^^»GDK^^Ufc^®^Ufc 0 £ 

z. t &wm bfc 0 

Vzfu—xi, 5-I!)y|^/^7^ (Rutisco) te<£T<D 

m% • mm • m^#&u — Bfefl2«**%aMbfcHS^-*mR<ea«feao 

TV^ 0 Rub i s c o}«^±T**^#*^#^i-5^T*fct) N 
*T«4#^lc5£V^H{j:R u b i s c o Z^Vft^k^x. tbtiX%1t&, 

&&w&bfeKODiWft\zm^wtmmm&^'t-zRvLb i s co ^t 

^->^r^Lfc 0 (Tk-Rubisco) fi»Rub i s c 
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b&mWVfco Tk-Rub i s c o f*«5^«JlJl t>0f^.-Cfe «9 , iitrM<Z>& 

10 A^f/Vh7^7x7-^ (Tk-MGMT) fl^tf £>3T,5. T k — MGM 
T£^<D;*cfl§W£5fcitlif (AdaC) ©Sc^*E»3&SrJttSEi-Si, T k —MGM 

mm. tammk^n ut v> § ^ ^ a^j o fc„ rjiiiiioG d h ^*5v>t t> ^ 

20 ^W^tt«±#bfc 0 

#y*?— emmzLfe (pcr© riate^ftf^ftflffcttt^-Br^fettflf 
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©DNA^y^7-f (KOD DNAtKM7-^) <£$ll!&#?#f <Ht ofcjg 
ftl^mMX^fco KOD DNA^^7^©3' -^5' 

Sii^t^t, *^Xr^lTOItt^?, TKOD-Plus-J 

A LT-bff'P SfcL i f e Tech no 1 o g i e s/GI BC 

O BRLthJ;!? Tpiatinum™ Pfx DNA p o 1 y m e r a 

sej b\^xm*&mxmmi$tix^z 0 mft*&m&bte£ibfcKo-D d 
mmttfmmte&^x, *mm<oto&Rj&<om&, mmmj3<DjBmzti:g& 

LTV^o DNAy^f«:2o©DNAI|f^O*ffi^$*5SJSSrili!i 

x^zmm^7T-i?&&mm<nfekA;i£fcmzm<^ *&fet£i><DX3bz>&, 

KODltODNAilM (Tk-L i g) {3 3 0°C7>£> 1 0 OVK&^X 
*W (base-pairing) #SftWc»5fe^< % 3' «WLTttt 
tmm^tio £.*L&<£>.fc5fc4W4:t>oDNA 1 i g a s e Wt(fefc«^tt 
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fe<, (SNPs) fcffl^©##*©j*ffl###S*bS. ttffBBii 

B*fcUttt, 7^^^I^« (1-4) *S-a*Sr§J»rf Sa-T5 
7'-ftfcliiWWtTv'^ P7^ h y nf 

*^lsKL&t>tiZ> B (1-4) |g^&iSO(^5 0-^/i'=^— 
IffcoV^fef^ft^W^ofCo #^KOD ltt©drf 

(Thermococcus kodakaraensis KOD1 |5fc<£> 

od i ^«^©5t>fb^^©a^5£v> t z.z>\z.tiLwrzm$>xmmfc£tiiz 

Zk^fttbtiZo Sfc, KODl|^»_bx&OJ;5^ffbV^m^i-5^^ 
bteKOD 1*£©£<7V A^^f^-jifeSr tfcbfco KOD l$cO<7V A{i2, 

0 7 6, 13 8m.mnfrt>ti:v, ^mmvmit>xM^h<Dxh^tc uzmm<d 

4 0%£TF). ^fc. m.fc J =F<D%ci>'J>ti:< 1 5 0 0<e©^T*feofc 0 KOD 1^ 

mKx£&<Dm*mm<DMmhmwzmkM&\^x^z> 0 

#J^nctl?fc5 0 DNA c h i pfc£3JMft*^%3MWf. p 




rote o m e t J; W^f ffittwO I 6<I©fcfc tt^Wi 

KOD l <d?/ AKL^ftsaSMS^Bu ^To* 2 fc^£*L5 J: 5 \z&mz. 

(fc £ jfc.ff * Sambrook, J.et a 1 . Molecular C 
10 1 oning :A Laboratory Manual, 3rd Ed. C 
old Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, USA (2 0 0 1);Ausu 
b e 1, F. e t a 1 . , Short protocols in mole 
cular biology, 4th ed. John Wiley&Son 
15 s, NJ, USA (1 9 9 9) ;Ausube 1, F., et a 1 ., Cu r r 
ent Protocols in Molecular Biology, 
John Wiley&Sons, NJ, USA (1988); ;fcffl#:gRii, & 

murmm (1 9 8 7); ^-mrntc, wwm&mm. Zitt&m 

mm 3 Kg. aoMbWA (l 9 9 8) ; *Wft*tBi:fttN'y:A * 

20 Wl^A (1 9 9 7);Lewin Genes VI K Oxford U 
niversity Press, Oxford, UK (2000) (il 

Sambrook, J. et a 1 . Molecular Clonin 
g:A Laboratory Manual, 3rd Ed. Cold S 
25 pring Harbor Laboratory Press, Cold 
Spring Harbor, NY, USA (2 0 0 1);Frank T., 
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et al., Thermophil.es (ArchaeaiA Labora 
tory Manual 3), Cold Spring Harbor La 
boratory Press, Cold Spring Harbor, N 

y, usa (1995) ;%mxm. m&mim&s wm^m*-??*^ m-km 

5 0 (1 9 8 2);Methods in Enzymo logy;/!) —X N A c 
ademic Press; #I|P^ mjl|R*MK 3)R S M 

i&fc^mA (1 9 9 8) ;-mmmmm. mmmmtftm^-y?, aowbWA d 

997);Lengeler, J. et al. Biology of the 
Prokaryotes, Blackwell Science, Oxfor 
10 d, UK (1 9 98) ; Lewin Genes Vll^Oxford Un 
iversity Press, Oxford, UK (2000) sfc 2?) fclB 

Z<D£ 5 Kl. *$&m<D ioTKOD 1 (Off/ Afc£**b3at4&?'tt J t©8MB 

15 m (i) tasstis*^ cem i^id (i) (roster© 
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0 0%1^-^iB^itrWr^o 
0* LV^^^^T, ^K^A^F-Sr^- Y-fZWrntfttttz.^ 

^51^-r5^^^^FS"efot)#. £f 3= L< te4>&< £ & 1 5 caig^ 

l/^Kft &*50£L< i:^2 OOiS^-f-S^^ 
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fc**S>K}5>fc, *ttfe©ffi©afe (fjilf, 9 S 1U 12, 13, 14, 1 
6ftif) **l«±©« (^iil 2 1, 2 2, ... 3 0, ft if) 

RNAi, ^-^7-, T^-f^-, M5t<Z>B^-£*ISftU3L# 

D#, L < ttiR 1 0 5t ^ W KST?* 9 #5. T'o-^ibtftffltS 
^ KJ£, J: 9 b < 3 0 ^ ? K^t?fe V) 

< (4, *»W©*Bfc^W:. « 2 ©as^#as f - i % f _ 2 * fete f - 3 (Dm 

(i?^;*$L ^) ^4@^-e©m^J, &5V^& 2 r - 1 N 

r-2£fcter-3 ©4§#, BB3?!I## 1 0 8 7 £>^#-J§- (T^%^^^, 

gB^J##l *fcf21 0 8 7^$^5ia^J4-i(Hjji-t-sJ; 5iz.mm&tiz>zt& 
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tt-t^afc&tttts mm^ittcni o 8 i ■te^stLSEW©^*©:*--*:^ 

y-y^>-^:7i — A^tp„ C©£ 5 i-, ^A±cftto*-^9yjJ- 
3&>ofcteBiJ©&:fc-C$>3fcV'*jiS e ^t^. 9 0^©£5fcj&fiHKH£*3Vvr£i& 

}«©&^fm, SOTg^llfefctel O 8 7fc5i*$;h,*E^J©ll«&te"*-'<T 
©a— *— r-f ASr^tf-r tas0*UV\ rri?, IHtWfci-r 

10 ^Tfc©^»tt. yyAW^W^S-efcSlc^J&^SrV^o UfctfSoT, 

U<tt^J&< tt>&J5 0%, J:(J0tb<tt/>*<it)l!l8O% ££>fc:£?£ 
15 b < < £ t>£) 9 o %, se>|!ij:0fftu< < t 9 5 %, 

< i:t>^9 6%. 4>&< kt>ffi9 7%, £>ft< £ t>j&9 8%. 4>ft< 1 1>#&9 
^#^^:*5V^-cmti* s ^"C^^:|l^$t^,fc^9 0 0 ©afcfr^l&fltttKi-r^T© 

$c-e*>t>#s 0 £©«fc SfcllStBjte-f^-c©:* — — 

IWot, BiJ©£?;£LV^ife^M(-:}3V>-C, ^l^&fle^H^^fclE 
a$^§^^*fcf^©^^^IB^J#-^2~3 4 1. 3 4 3-7 2 2, 
7 24—1086, 1088 — 1468, 1 4 70-1 8 3 7, 33^18 3 
9-215 7frbtezm£ VM$l£tiZ>'Ptl:< lo^l:3- 'K1~5E 
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4Wfc5fr=P* ftttl*:<D&M#it± s 2-341, 3 4 3-7 2 2, 724 

— 1 0 8 6, 1 0 8 8~1 4 68, 14 7 0~1 8 3 7, feitFl 8 3 9~2 

SBfc^*^tt-t<D3S:35#:tt % @E?[!#-5§- 2 - 3 4 1 , 3 4 3 — 7 2 2, 724 

— 1 0 8 6, 1 0 8 8~1 4 6 8, 1 4 7 0 — 1 8 3 7 , £5 &Xfi 1 8 3 9 — 2 
1 5 7d*fe3&5E?USr3— Ki-^SB^I©^K^J^-r-<-C<D@a^Jo^^< £ & 8 

io ©i5(^©7r^^-^tLtfttt5^t^#5, 'J>ft<b*>8<D 

^©i5 ftWr&fr 5 © tetter £ v \ 

mk^-^tz.^CD^MW-^ @B?IJ#-5§- 2 - 3 4 1 , 343 — 722, 724 
15 ~1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0~1 8 3 7, 13^1 8 3 9-2 

i 5 7 a>e> & sialism— h~Tzmp}<Dmm&)fcir'<x<Dmp\<D'j>?z< thi 
mstfttt tcittv&mm*, m&m%- 2-341, 343-722. 724 

— 1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 , *S «fctf 1 8 3 9 — 2 
1 5 7^£>&§IE?iJ£r=i— K^5IE^J©J^ftfct-^T©iayiJ©4>&< 1 1> 3 
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tWb&^Tfcfctt-togfcagfrttx IB#J#-J§- 2 ~ 3 4 1 N 34 3 — 7 2 2, 724 
~1 0 8 6 N 1 0 8 8~1 4 6 8 s 1 4 7 0 ~ 1 8 3 7 % *5 £TF 1 8 3 9 ~ 2 

fflSMttH fctt-£©afc3Ef£W\ ia?!!#-5§- 2~34 1, 3 4 3 ~ 7 2 2 N 724 
~1 0 8 6 N 1 0 8 8~1 4 6 8 N 1470~1 8 3 7, $3itFl 8 3 9~2 
1 5 7/&>bft5BB2?!J£r=*— K-f-5ejO©^St«jfci-^<T©E?ll©^<fc< £ 8 

mm^^tci^(owcmmt, m 2 <Dm&w& f - 1 , f - 2 f - 3 © 

mmxbZ>m&\%&1~Z>i!)\ ife5W2^2<E>^#tf5r-:u r-2£fcter 
- 3 <E>*§£\ K?I## 1 0 8 7 (Dimmer (Tyfty^i, HM) ©telld* 

25 aas^r-t-s^-— — 7^ ^^yu-^mm^tix^^^^. tfrtb, >f;j» 
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5 SU^M^^T, ^HH^te, MB^J#-^ 2 — 341. 3 4 3-7 2 2, 72 
4~1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 N 33 £ 1 8 3 9 — 

215 7^t ) ^5ij;>9i^$^5 / >*< i t> i^(dt % ;mum-&tz.te : t<D 

10 t£oT, lo©»«*5V^, *mWte, (a) ME?lJ#-^-2~3 4 1, 3 
43~7 2 2, 724 — 1086, 1088 — 1468, 1470 — 1837, 
*5£tf 1839-21 5 7frbftZ>m£ <9 M^frbS^ft < Hlo©7^/ 

mm^fci-i^tDy^^^ h^bfts, ^y^r^K; (b) sb^ij##2~3 

4 1, 3 4 3 — 7 2 2, 724 — 1086, 1 0 8 8-1 4 6 8, 1 4 7 0 — 
15 1 8 3 7, jeit^l 8 3 9-2 1 5 7 ^ b f£ 53¥ J; «9 31tR£;ft5^ft < £ t> 1 

5, tfV^zf'f- K ; ( c ) * 2 <D8^#as f - 1 , f - 2 £fcte f - 3 <D^, 

g2^^n5ia^#ti©^#f (-tragic, m^) ^«^6>^#-^ 

20 (irV^fL C0{4g^-C(DiB^J, fc5VM3i£2c£^#a § r -1, r- 

2&tcfex-3<DWr&. IE?U##1 0 8 7 <Z>*«#-5§- (TV^Hr^gL H#r) 

-^Zff- K ; ( d) 1S?!I#-^ 2 — 34 1, 3 4 3 — 7 2 2, 7 24 — 1 0 8 6, 1 
25 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7, iS&Tfl 8 3 9 — 2 1 5 73&>£>&S 
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^F;£fcte (e) (a) — (d) (D^-rtifai-DCDtfy^zf'f-Ffcttir&m— 

10©#l£L^|ii;!i^^:^T, _b|S (b) ^*5&7 5gg§:, #^43^^ 
5 $z<DWclZmM£tlX^Th £<, ittf, 5 0^ 4 0WT, 3 0£*T, 2 
O^T, 1 5^T, 10fi*Tx 9£TF, 8^T, 7£TF, 6£kT^ 4 

sir. 3^t> 2j^T-efc^>-^^^uv\ £vj>te^m<DWW!:, mm*. 

41. 34 3~7 2 2, 7 2 4—1 0 8 6, 1088—1468, 1 4 7 0 — 
10 1 8 3 7, 43J:T^1 8 3 9-215 7 fl> <9 m#L£flZ>'J>%: < £ t> 1 

fc5W3:@E?[j#-l§-2~ 3 4 1, 34 3~7 2 2, 7 2 4—108 
6, 1 0 8 8-1 4 6 8, 1 4 70-1 8 3 7, 8 3 9~2 1 5 7^ 

SU<D&£ LV^it^^V^, JbfB (c) fctetf Z> 7 4 
feM&l&fc^-^mfcl-Z. MB^[|#-^ 2 — 341, 3 4 3-7 2 2, 7 24-10 
8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 , & £ tJ* 1 8 3 9 — 2 1 5 7 

20 wlB^Mtt^ii: W^bV\ 

iB^IJ##2 — 3 4 1 , 343 — 722, 724 — 108 
6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7, isXXJfil 8 3 9 — 2 1 5 7fr 

25 ®i^tt^ft5ri« uv\ l< stilus, ±iBS^ia^j^, 
< t hlfo 4 o %, 'pt£ < t 5 o %, < £ -hm 6 o %, < t h 
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• 



7 0 %, < h %m 8 0 %, < t 9 0 %, '>^<itD9 5 %, 

*—&s< — ^\Z.y$lsX^ ^i©SE^IJ#-§- 2 ~ 3 4 U 3 4 3 — 7 2 2, 724 
5 ~1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0~1 8 3 7 x *5j;^1 8 3 9~2 
1 5 7fatbti:Z>m£<om$l£thZ'Ptl:< 1 1> 1 o©7 5 J HIE?iJ£^ y SB^II 

M 2~3 4 1, 3 4 3 — 7 2 2, 724 — 1086, 1 0 8 8-1 46 8, 
1470 — 1837, &£X£ 1 8 3 9 — 2 1 5 7 <5I¥ «fc 9 51tR£;ft,54> 

#-!§• I^fd4l 0 8 7 ^^«m@H^Jt> b < teZ:(D—n mZ-l*. U 2 ©Bt^- 
15 ##f-:U f-2*fcH:f-3 0»^, ^2l!l^$tl/6E?lI##l©^BI# 

#k fc5^tt*2©gfcfc#J&s r - 1 , r - 2^fcttr - 3©#-^. @B?IJS#1 

0 8 7©«t (ryft^*, 5fi#?) <ott«^fe»H»# (r^-t^ 

H*3SS) ©ffc*£-e©BB?y) ^fd«@B^lJ#-^ 2-341. 343-722, 
20 7 2 4 — 1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0~ 1 8 3 7. *3 £t*X 8 3 
9 — 2 15 7fr>£>ft5i££ ] om 3 R&fhZ>'>-te< fblKDT^ ymmP\k'>ts: 

0 %, < i: t>JKJ 7 0 %, <it)»8 0%, 'pt£ < th%)9 0%, 'Pt£ 
25 <£k*tl9 5%, 4>ft< tt>^9 8%, ^IHT'fet9#5 0 
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B'J<Z>0£ LV^Jfe^Bfc*5V>T N _h|B (e) fctetfZ,±W.$cm&-tfV^?- 
K^-T^^^^ttt Ltfi, K?IJ#-5§-2~3 4 1. 3 4 3-7 

2 2, 7 2 4 — 1 0 8 6, 1 0 8 8-1 4 6 8, 1 4 7 0 — 1 8 3 7 , & £t£ 
1839 — 215 7^kft5g|£»9 31tR£;h,54»&< t h 1 o©T ^ S miB^lJ 

V\, rfrkteMx-fcS, mmTv~te4, 3l^#J7 vt<< \ 1k%T t£}*\z. 

^UV^Jfe^t&fciiSl^T, _LfB (a) — (d) ©Vvffta* 1 0©J# JJ ^ 
10 ^Kfc^-t-SffiPtttt. '>*<i^8 0%-CifeD#, J;^tL<TO< 
i^»90 5 #, £ b < \t'pt£ < t i>m 9 8 %T*fe «9 #, o 

fiflftttx E?9tt2~3 4 1, 343 — 722, 724—1086, 10 
88 — 1468, 1470 — 1837, &&Tfil 8 3 9 — 2 1 5 7d»e>#5*£ 

15 xvm$i£nz>'ptj:< fct>io<DT^/mBa»^j&ssB^j§r^-rso 

20 TS/IfeSx ^<tt)6 75/^ ^<tt)77$/t^ 'Pt£<bh 

*>J:v\, ^ t> t&t L < tt'>^ < i f> 1 5 7 > / iltfe #, ft*30£U< 
li^<it)207^;m-efc>)#5. Z.fotb<DT =• /Bft£©TPRt*. ftffc 
^^#fffc^O{5^^, -t*l,k<0lHJ©8c 11, 12, 13, 14, 

25 16^^ *>5W4 N *tl&>±<D§k 2 1, 2 2, . . . 3 0, 
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-t^JtBKOS&ttx m^m^r 2 — 3 4 1 , 3 4 3-7 2 2, 724 
— 1086, 1088 — 1468, 1 4 70-1 8 3 7, ^^^1 8 3 9-2 

i 5 7a>fcfc3a$£&3B&£*bS4>fc< t%ioo7>;yra^fii:P- 

ti&z^ttmtLv^o z<d fmmistix\,^frizfrtemm&zimz>m.fc 
^mmzm^Xs t^m^mmKM-r^m^m^m^-r^^b^x^^ tti 
io z<Dm.fc*m&<D%m.A%m&mmmir&zb&x%%frbx&z> 0 

uw.&fo%tfv^^Yizfcn^<D?km.m-i, ia^j#-^- 2 ~ 3 4 1 , 343- 

7 2 2, 7 2 4 — 1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 , *3<t 
1^1839 — 215 7^t)^5ii 9 3ItR£;h,34>& < £ & 1 otf)T 5 7 ^IB 

is mfcf«<z>ia?ii£4>&< £ t> 7 o%mmx&z>mm(D'Pt!:< it)3o©ii 
las^ns^y^^^ K*fctt-t<z>afcS£*wc* Ba#i#-i§-2 — 3 4 1, 343 — 

7 2 2, 7 2 4 — 1 0 8 6, 1 0 8 8-1 4 6 8, 1 4 7 0 — 1 8 3 7 , *3<t 
TJ<1839~215 7 frt>%:Z>m£*)miR£tlZ>'J>t!:< bh 1^<DT^ /MM 
■W£tz.fe%:<DU&\h'pt£< bh7 0%nfflX3bZ>M?i]<D'J?tj;< ti>8o©ii 
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5 Eil**LS*!;^^K*fctt-t©gkaE#:tt^ IB?U#-5§-2 — 3 4 1, 3 4 3- 
7 2 2, 7 24 — 1 0 8 6, 1 0 88~146 8, 1 4 70~1 8 3 7, 
tfl839— 215 7d^J&5PJ:t)S^$*l/5^3&< it>lo©75/Sffi 

15 giJOJTO&cl^T, 1 0 8 7 K^ZfrZmfW 

.sh&hb?il afe5rti?«x ^if^^^btt5^^H&)^PS^^tb^v\ 

£fcf*-t©gfc2£#W\ IB^J#-5§-2- 3 4 1 , 3 4 3 — 7 2 2, 7 24-108 
6, 1 0 8 8-1 4 6 8, 1 4 7 0— 1 8 3 7. *5 XTfl 8 3 9 — 2 1 5 7 
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5 fc^CD&mfcte, M 2 (Dm&Wtf f - 1 % f - 2 ^/ttt f - 3 ©4t£\ m2\z. 
mm^-FZHK 2 (DWt&W& r - 1 . r - 2 3: fete r - 3 <£>i§£\ 

mb^j#-^i o 8 7©^afe«-^ (r^^-fe^^^, mm (o&wfrbmm^ it 

Rt?*>5BM«:lrt5. ^fctto, if ^fBi^frfcSB^frte. ft5fcfcte 

SUO^B^SSV^Tx *3SWtts I3?iJ#-5§- 2 ~ 3 4 1. 3 4 3 — 7 2 2. 7 2 
4^1 08 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0-1 8 3 7, fej;^1 8 3 9~ 

215 7frt>t£zm£yM$i£tiZ'pti:< th ii<dt $ smmmtntttv 

25 *fctt-*©afc3EfrWU IB?!J#-§-2 — 3 4 1. 343~722. 7 2 4—108 
6. 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7, :j8«fcTJ*l 8 3 9 — 2 1 5 7j&> 
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^.fcfe^tD&mm-Z, IS?!!#-5§- 2 — 3 4 1, 3 4 3 — 7 2 2, 7 24—108 
6, 1 0 8 8-1 4 6 8, 1 470^1 8 3 7, M^l 8 3 9~2 1 5 7^ 

m^xmmisnz&m<DKm&£Tfnj&&mmir% r t as-e# ^ o 

^fcte^&^ftfS, iH^(I#-^ 2 — 341. 343-722. 724-108 
6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7. &J;T^1 8 3 9 — 2 1 5 7 J&> 

< it>7 0%^P"T?feSBB^J^Jfc< it)3o©Sif5*fc{i?Fli©7^ 

25 glJOlffim E?!l#f 2~3 4 1, 343-722, 724 — 

1 0 8 6. 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 , jS^t^ 1 8 3 9 — 2 1 
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5 7a>k&5l££«9^£*t54>fr< kblo<DT$;mSffl*i1tn : t<DWffl 

wKDmmz&^x. *mm\^ m 2 (Dm&&& f - 1 „ f - 2 f - 3 

0%*B|1?l-e£>5ia?iJ. fcSV^f*^2<Dfc^#^r -1, r -2 ifcfcter -3<£> 
7 0%temX-1bZ>mi\b, ffi^l WJ^f tSRNA i ^ Wt^o 

OV^M^fci^-C. _h|ERNA i 5H43n 3 ' ^ffl5kfl&«r£tf. 
±©DNAt*fc5o 

5 &RNA i lB»*^JDKttr©4*3£©«IIB«r«i«a , 1-5fe«>&ffl 
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/Co £ATi^ mmm\z.m^X$:&&&W8'fZ>i>K ±3&<Dtom»2:T*SJLT<D 

mmm 

mmm 1 : *v ae^r® 

(KOD-lflc©JfeMDNA©W«) 
KOD— lt^Sr. Appl. Environ. Microbiol. 6 0 ( 
15 12), 4 559-4566 (1994) KUBflfc© 0. 5X2216"7y 

— *j£ifi (2 2 1 6-^iJ * : 18. 7 g/L s PIPES 3. 48 

g/L. CaCl 2 -H 2 0 0. 7 2 5 g/L, 0. 4 mL 0. 2%Wif 
Xyy, 4 7 5mLAIi* (NaCl 28. 16 g/L % KC1 0. 
7 g/L,MgCl 2 «6H 2 0 5.5 g/L, Mg S0 4 • 7H z O 6. 
20 9 g/L) N ^^7K5 0 0 mL. pH7. 0) 1, 0 0 0m 1 dfiUT, 

-ee&U IWI^^rtJEESrO. 1 Kg/cm 2 toit^L-fc 0 #*W\ 1^8 5 + 

<Dm&&£Tmwt£ftt>tei>*viL. mmmTWi, mmm mi, ooomi) 

25 1:10, OOOrpmtlO 55-|H3t'C>^«*f- 5 £ t \z «£ 9 ^flcSrHUEZ Lfc Q 

*#*b*LfciS#:i g £ 1 0 m 1 (DA^W. (5 OmM Tris-HCl, 5 0 
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mM E D T A N pH8. 0) \£ffim U j&fr&NI ( 8 , OOOrpm. 5# 
Wk 4t) K£Y)mW&, 3ml (Ol 5%->a«FSr-S-tfA»«EHlJB»U 3 7 

AlJbfco £<£>?£{z:& 6>fcl5. 4 g©tftt^!)^^ir;i Omg/ml ©Ifb 
5 xfi?^^3 0 0/t l^SPU 55, OOOrpm. 16^ 18*0 
^T^^St^ffV\ ^^DNA^r^lliUfCo #^fc»DNAl^ 
i^n-^;- /UttWf-J: V^k^WJ^Zm^, TE^ (lOmM 
Tris-HCl (pH8. OK 0. 1 mM EDTA) iltLt- 368*? U 
. »!fe*DNASr#fc. 

10 

(M#7^f^7 y ^ y ~~v^/gE?!i©fi¥#r) 

T=fTofc 0 *©«Stt^T©i:33l?-e&So *"*\ miKStbfeDNASrWf^-ft: 
400-500bp ©W,fr©E2?!l*s*3£**Lfe. ^©iB^Sf*, IMbpfc 

20 •3£u^-ry7 p srs«>fc„ -t©^ aa£»^i'5* ta - *©fi?#r<Hrv\ a— :/vy — 

"7* ^—^ZmfeVTST— v-3 ^(annotation) £r?Tofco 
25 £©|g % «#©S£©9^:/7y-&#t6Lfco -itlt 2-3kbp©|$fr 
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felt, Ap plied Biosyst e m s d>bTff|R£;fa5@B?!l&:^©& 
JBV^. MH^lJ^^fi. 400-500bp <DM&Wffl&m 1 5 0 0 0 

5 0i/lMb p#5£5^fTofc 0 ^77-^^7y-o»> 

nbntc^(Dnmi%=z/T>( ? tmstizmmxibZo *mffimx\*, &wc<d 

15 ^TV>5i^, tO^^S'T'WJ^S'T' (sequence gap) 
b&Xfi. Hitc*:<D£ 5tMKft?v-~l/yiS*hX\^£^m&te : £<D3?^y-7 
tt, (Physical gap) t V$-J£ 0 Z.<DmM*r^ V?*: 

M * 5 Om J*> LA-PCRftJf ©11*1*3 £ Tjy&SIE?lJ#:^& if ©*f^fc £ o 

20 £ «K BKRI*fefW«rl*T U/c„ 

^Eg(d, @H^— ? CDMtir&ft'otCo Zf^V— 7*4 ^^71/- is (OR 
F) ©mS^i^^feOTyf^a >-£rfrofc„ ^<D^-e« N Hidd 
en Markov ^E-^VV (HMM) joitfl n t e r p o 1 a t e d Ma 
r k o v*e s fA' (GL IMMER) jfeifcD^ts^^^^rfflV^S^li!^,}; ^ OR 

25 F©H^SrffofCo ^(DWi, #*©ORF©B LAST, BLASTXfci 
t5FASTA)fe^tfe*SrfroT«fi6Srl^^U^:. £<D£L 3te^tt*5 £ 
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ffc^ftfcflP&fSrfxofc (Fraser C. M., Res Microbiol 
151, 79-84 (2000);Fraser C. M. et a 1 . , , 
Nature, 406, 799 — 803 (2000) ; Ne 1 s on et a 
1 ., Nat Biotechnol., 18, 1049-1054 (2000 
5 );Kawarabayasi Y. et a 1 ., DNA Res., 6,83- 
101, 145-222 (1999) fcif «:a*HR). 

SI ±<D X 5 ttftt UfcgEgfcB?!! 1 (1B?IJ#-S§- 1 > 3 4 2*5 J; 

U?7 2 3«^7^ (i?^*) £L m&m-Wl 0 8 7, l 4 6 9*5*1*1 8 3 8 

10 

#CVVT?, Mfei 1 © / $ y tlS^JI: y7b!>x7DNAS I S, BLAST, 
33J;TJ*CLUSTAL WSrflUT^ EMB L s PDB^^©f-^^ 

15 *©^u^/f k©7 ^ /mmnt(om^m^^m^f^t^^ t^h, ^tti 

ib^mB^m^m^. (infer) iSfltz. ChlE^ 2 &#{$)„ ■ 

20 T.kodakaraensis K0D1 *5 £ T*^ <^lf V y^mM^M (ASW- 

YT) ^fcfiT^/itt^Mi (ASW-AA) *pX* 8 5°CX»M^t£M% 
^i^TXm^tc. ASW-YTfiit AX^tK^tI. 2 5{gfc»iL (A 
SWX0. 8) tchfDiZ.^ 5. 0 g/L^T— ^ h^^^. hy^ K 5. 0g/ 
Lh^b^ *5£t*0. 2g/L^5n* (pH6. 6) Sr-^tfo ASW© 

25 jf&J&te£rF<£> <9 : NaCl 20g J MgCl 2 - 6H 2 0 3g : MgS0 4 - 7H 2 0 6g ; 

(NH 4 ) 2 S0 4 lg > NaHC0 3 0 . 2g > CaCl 2 - 2H 2 0 0 . 3g I KC1 0 . 5g > NaBr 0 . 05g '> 
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SrCl 2 - 6H 2 0 0.02g 5 Fe (NH 4 ) * ^-^W. 0 . 01g o A S W— AAi#i&teU 
0. 8XASWIC5. Oml/LWol f eflil (0. 5g MnS 
O 4 -2H 2 O;0. lg CoCl 2 ;0. lg ZnS0 4 ; 0. Olg C 
uSO 4 -5H 2 O;0. Olg AlK(SO 4 ) 2 ;0. Olg h 3 bo 3 ; 
5 *5<tl^0. Olg NaMo0 4 - 2H 2 0^1L^i^tf)^ 5. Oml/L© 

(skT<o$tt&&m) * 20807^^ (2 5o mg 

>f>"'HCl ; 75mg77^^; 12 5mgT/^^> • HC 1 ; 10 0m 



Omg ^ ^m. ; 2 0 Omg 9 sls I 1 0 Omg fc*^i?^ • HC 1 • 

10 H 2 0 ; 1 0 Omg^yo^^y ; 1 0 Omg \ 1 0 Omg V • H 

C 1 ; 7 5mg^ft=y; 7 5mg7i^77 = l/; 1 2 5mg7 P n y ^ ; 
75mgt!)y; 10 Omg* U^—ls ; 75mg h!)7 , h77^; 100m 
gf ni/y ; *5it)55 Omg^U ySrl Ltfcttf) ftbtWcO. 2g/L« 
Htg* (pH»NaOHt6. 9 M^BLfc 5 (Rob 

15 b , F . T. , and A. R. Place. 1995. Media for T 
hermophiles, p. 167 — 168. In F. T. Robb a 
nd A. R. Place (ed.) A r c h e a : a laborat 
ory manual— Thermophiles. Cold Spring 
Harbor Press, Cold Spring Harbor, N.Y.) 0 

20 ^itisct, 5-foa mytmm. b#) *5,tt**?2^ (»a> 

IS, 0*) SrASW-AA««&fc, R o b b fclB*fe£*L5 «fc 5 fcM£-C«ilJ 

-AA, ASW-AAW-«:fflV^f^: 0 i^flfetf ^^ll^^^>■r^*^^:^ 5. 0% 
Na 2 S • 9H 2 OSr N V ifXy W" MJ (1. Omg/D 

25 fcS^-CAlIjfcfco ^V— h*&*©*§£\ 1. 0% (w/v) ^7-< h (Ge 
1 r i t e) (faftffim) fctofcT. MM7um&> £Tf 5 . 0%Na 2 S • 




m : 5 0 m g >f>vz ^y, 20 
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9H 2 0»O|^!)t2. Oml/L^yw^f KSSfc (1 0 gNa 2 S • 
9H 2 O*5j;-0?3. 0 g^W/l5ml) T?@flsS-*^io fl^te 
O^-r (Tabai Espec) ^cBR) "ft? 8 S'dM ^ 

^r^^— h Ufc 0 

5 DNA^-«(Ofc*ICtiUfcE. col iftfc5DH5olt LB^ 
1 (Sambrook, J., and D. Russel. 2001. Mole 
cular cloning: a laboratory manual, 
3rd edn. Cold Spring Harbor Press, Co 
Id Spring Harbor, N. Y.) T*;V— ^>X^m U *Lt5 
10 0 ix g/m 1 T^tf->y yM-gl^Cti^lfc, 

(uv m%rv<D^mm&$s&Tf5 -foa «ttae*^©¥HB 

T. Aroda^raraensis K0D1 2 . 0 L <£> ASW-AA *£#*&ife''e 3 9 H$HQ 
fc^^Ufco ^fflOMSr. as^H (6, OOOXg, 3 0^) 
15 Ufc 0 ^T^JllIMMtt^ ^^f-*3V^-C^^]^o fc 0 6 0m 

1 <D ASW *lufflil(3/l 0 Omm), ^ttl^©- Ift (10ml) £ 
^yA-r-r yv^^^Attfco »#bJfe^fe> ^OSlMjSrl 5wmW7>-7frib 

2 0 cm^SEtt^^^W (0£K 3 0#\ 6 0f, 9 0 «fc 1 2 0?S>) 
Uvfl&ttLfco TP^-h (2 0 0 ^ 1) ^ 0. 7 5%5-FOA^tfAS 

20 W-AA/W- hi£itefcJ£tf\ (Pyrl 

^ y-^^bfco #e>tL/ci^#:^ii5i^^-r^fcje){ci o /i g/ 

MBJ»c3r. »!H»=Sr5i^^We 5 - FOAm^ASW-AA 

25 5-FOA»tt=*P~-&#!lftU ASW-YT^i#^& , t , -e^bfc 0 If 
|Lf:»S: 2 0 FMSW-AAf Mi^f^ ^=^-<- htT!>7 ^;V(D 
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SW- AAfMit bt, * 7 *S)V<0^m&$!&&l&' < 

5 (iiTyt^) 

T. kodakaraensis KOD 1 33 £t^<D^#|fc<^$BJ3fttt 
m%d*:MT<D£ 5^P^bfc„ ASW-YT»Wt«2 0HFI^ 

*U 3S^^«i-e«Sl (6, OOOXg, 3 0^) U ^Ltl/1 000t 
lOTriton X- 1 0 0 £ 0 . 1 5 0 mM Tris-HCl (p 

10 H 7 . 5 ) -cmM b^Co ^/I'T y^^tlO ^l^ts S&^lH ( 3 , 0 

ooxg, 20^) mo±?ffsrMmttm^^ u-t^v^o 

^Bio-Rad Protein Assay System (Bio— R 
ad, Hercules, CA, USA) &m V\ 89 t Lt ? v'jfc.ii T ?Vf 

15 ^-a^S^^— 5' — =e/ hf^/V^^^y— £ (oMPdecase, 
PyrF) -^/Wyx-^ (OMP) tf^y^V- 

5' (UMP) ^»im2 8 5 nm"e©« 

C»M#(Ae 285 = 1,380 m -W 1 ) — * — £ fc: £ o Ti*:^ Ufc 

(Beckwith, J. R. , A. B. Pardee, R. Austrian, andF. Jacob. 19 62. 

20 Coordination of the synthesis of the enzymes in the pyrimidine 
pathwayofS. coli. J. Mol- Biol. 5: 618-634. )o Tj't-l'i'p*}^ 
^tilml 4". 1 0 OmM T r i s -HC 1 (pH8. 6). 1. 5 mM M 
g Cl 2 , 0. 125mM OMP, &&ZPmm^Wifab%i}&£foZ>o 

25 r©K^ ^^Sr»i-^-i:^ < toT^^L, ^ bT 1 O^IUCfE^ 
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^n^V^/ft^TjN y tRZ/jU hV ^7x9— if (OPRTase, PyrE) Sl*^ 
2 9 5 n mttn f ^^MS^Catt^ : i: W oT7 yt^ Ufc„ 
p y r E + ^fe^*^^^^aiJ^-r5i^. SJfcm^OMP <7}ftH<|40M 
P 7 s % -if 7&m&) &fl&# VMfc bfc tt*U3 ft ft V\, OM 
5 — if?£44teu T. kodakaraensisW50PRT7-f 

«9 t>?%V^ i^fe, OPRTT-^'14^ 3,670 M -1 cm -:L (OAs 235 ~C 
tt^^^tt^^o -*lf*> ^n^^^^oMP^TUMP^^^^tT,^ 
Clil^^-rSo pyirF^(D#-a-. ^S^ig-feB:, 2,520 M -1 cm -1 <DAe 2 95 
TOIf^bOMP^ = * — Ufc 0 Tris-HCl (pH 

10 8.6), 1.5 rnM MgCl 2 , 0.125 mM 3g$BJfett {±14^*3 £tFl . 6 mM 

5-^*pjJ?i//H; t n*^7x-h (PRPP) fe^tflml ^'^fp'efTofco ^ 
OPRP P&^&V^T^ir^^te^y^bfc^^y hcpfcfc^ 8 

5°c-ei o^wy^^-bu ^tt^«^ prpp©» 

15 

(D N Ajs|#:*5 J; t^iBM^:^) 
— $£#J&DNA$£f1ste N Sambrook and Russel l£lEtt£ 
tl/S <£ 5 &£ffo fc ( Sambrook, J., and D. Russel. 2001- Molecular 
cloning: a laboratory manual, 3rd edn. Cold Spring Harbor Press, 
20 Cold Spring Harbor, N. Y.) 0 T. kodakaraensis <£>^V Ate: N 
±&<D£ 5 i-¥Sf bfco PCRIt rod -Plus- (M&W. *PJu B#) SrD 
NA^J> y ;>< 7— if £ bTfflV^-C^fofco PCRcDTcfe^fflbfc^^-r^— <Z) 
ga^iJ^ ^T^^tb^o ^^CXPCR^^oTigililbfcDNA^^^ 

25 RiSit OiCilk B#) ^fc^^l&^^^AUfc T^n-*^ 

Mlt©DNA7 7^ ^hSrHUDtU tLTGFX PCR DNA*5 
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Gel Band Purification Kit (Amersham Pharmacia Biotech, 
Uppsala, Sweden) "CWISi Ufc„ "7*7 K DNA teu Qiagen Plasmid Kits 
(Qiagen, Hilden, Germany) SrJlWrSMBILfc, DNAS?9^I4> AB I 
PR I SM*>y b&£Xfi s e s 7 s A'3 — IB?IJ$:^t (Applied 

5 Biosystems, Foster City, CA, USA) ^fflV^T^To fc 0 

(pUDTi3it;pUDT2(Dii) 

2o©||^^-pUDTl (1H^|J#-^ 2 1 5 8 ) *5j:t^p UDT 2 (SB 
?!]#•§• 2 159) T. kodakaraensis m*5tt5 v "i/l/P/V? 

(Dltmz.MmVfco Mmfe&>T<Dt&*) Tk-pyr F^DNA 
77^Vb (6 7 6 bp) OT©^7^v-TK 1 -DUR/TK 1 - D 
UFSrJBV^TT. kodakaraensis KOD 1 <?V ADNA^fct 

15 TK1-DUR/TK1-DUF : 5' -GG GCATATGG AGGAGAGCAGGCTCATTCTGGCG-3' (SH^US# 
2 16 0) / 5' -CTGAGGGGGTGTTTGACTTTCAA-3' (|S?!J#-# 2 161) % 
THttt@a?lJte. N d e I §P^Sr^-To 

Jt^^tt^E— (1 3 0 b p) ~7 >: 7' / C T — TK2— DPR/TK2— DPF T? 

20 TK2-DPR/TK2-DPF : 5' -GG GCTGCAGC CGCAACGCGCATTTTGCTCACCCGAA AA-3' (IB 
?!l##2 16 2) /5' -GGG CATATGC ATCACCTTTTTAACGGCCCTCTCCAAGAG-3 > (SB^'J 
##2 1 6 3) „ ZZ-VT1&tt%W&lfi. P s t I&J^Nd e I fltfftSr^tL 

^©77^yf^ aSSOfc^tz*— * — p y rF^pUCl 18t 
25 \Z.-V-Zf?*—~^yV$l 0 #e>nfc^7^^ pUD (3, 9 4 4) 

£Lfc„ Tk-trpB ©S|77^ ;* f h (788 bp) £r N ^T^^^^^ 1 - 
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TK3-DTR/TK3-DTF Sr/BV^Tii*! Ufc : 

TK3-DTR/TK3-DTF : 5' -GGG GCATGCG GTGGCTT CGTTGGCTACGTCTCCTACG-3 ' (@B?'J 
#■^-2 16 4) /5* -GGGCTGCAGTTCGGGGCTCCGGTTAGTGTTCCCGCCG-3 ' 
2 16 5) , T*ft{*£SB?!l«U Sph I *5j;U« At I ©^?r^nf^t 0 O 
5 mSr* pUDtSphI*5j;t;Ps t»MU, pUDTlSr 

(4 7 3 2 b p) #fc 0 
p U D T 2 lrtlt§ /t * fc, 7fr-ti7»ff *5 J: 7 7 >^«*6*rgtf 7 7 
Jf* ^ Y (2223bp) lr^T©/7^-7- TK4-DT2R/TK4-DT2F SrJBV^TifMB 
Lfc : TK4-DT2R/TK4-DT2F : 5 ' -GGGGTCGACCGGG TCTGGCGAGGGCAATGAGGGAC-3 ' (IS 
10 2 16 6) /5' -GG GGAATTCG GTTATAGTGTTCGGAACGACCTTCACTC-3 > (1B?!J# 

-§•2 16 7) N T^#tSH?IJ{4. ^rtb^tl/S a 1 I $U^*5i;TJ?E c oR I £&{fc 
§r^i~) o rftSrOWC pUC 1 1 9 4»^S a 1 I *3 J:t^E c o r I gBflfcT? 
^^a— =^^bfe. #e>ttfe^9^5 pUT4 (5, 3 4 0 bp) 

bfa&VtCo pUDItPvuI ItlftU ov^p y r F*5 it^-tOjiJfe^ 
15 n^-|i|(110 4bp) &-S-tf7 Sr^BI Ufc„ pUDT2 (6,012 

bp)te, pUT4rt©'^O^fSI$*bfe79^^hSr. Tk-trpEW» 
Sac I$^^3fAi-6^1i:^J;oT#fCo 

T. kodakaraensis K&tfZfamU&^&fcft&W.giVtD'N A 
^^^HS, PCRtpUDT2^f^^fiU»U ^LT7 
20 ^fn-^^m^»^^iSUfc„ 

(T. kodakaraensis <Djfc%M$&) Me thanococcu 
s v o 1 t a e P S CDfcfe^^b^/^v^^^fe (Bertani, 6. , and L. 
Baresi . 1987 . Genetic -transformation in the methanogen 
25 Methanococcus voltaePS. J. Bacterid. 169:2730-2738.) &\ T. 
kodakaraens i s <737F£SCfe^<£>7c#>^tfc|£ L.fc 0 T. kodakaraensis 
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# 



*d>b#$Cifm$^^&U (17,000 X g N 5 ft), 2 0 0 n I (DfegU®: 
KH 2 P0 4 lrtt^O.8X^ASW^0 8OmM CaClJ (1/15^ 

1 B#w-f >-=^^- m ^v^4 s^ras 5°ct^v-3 y^^^. 

ittW*^ DNA^(Dd^<9 ^^J3S(cAPx.fc 0 ^lLfci8J3a?r, 2 0ml© 
10 ASW-AASMift, •> 7 ^V©^#^Tt 2 Wig* ttPyr 

^/«CV>ASW-AA^W- hi%m%>^fcfcif. ^rUT8 5^^5-8 P^^=¥ 
^-ftfco #<b*bfcPy r + tfcf£. 3P=-PCR$Jj;0DIG-DNAi 
f^^oJ^O^ttl^^ b (Boehringer Mannheim, Mannheim, K-f % » ^rffiV^ 

20 7F~i~o 

(KODKDll) 
_hx&©«t 5 MOD- 1 tfc^fnlMbfCo 

25 
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10 R/&iB£4&:2. 5a^yl> KOD3Ky^7—^ 0. 5 fx I ; 

10XKOD^!)^7^W(I#il) 5. 0/tl ! 25mM MgCl 2 
4 . 0/il ! dNTP iftiNfe 4. 0/il I 20pmol//tl 37*7 -< -r— 1 
0. 5/i 1 ;20pmolAl ^^^-^—2 0. 5 » 1 ; S^07K 3 7. 

15 9 6t2^;9 6t3 0^ 5 5°C3£!\ 7 2t3 0tlr3 Ot^^/H 7 
2 °C £ 3 5^0 

btht'o 
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-4- 




+ 


n m a 

L/ IN /A 




p U D T 2 


p U D T 2 


















T/C 




1 2/1 2 


5/1 2 


f&T/C 




1 7/2 4 



*fc)t>s PyrF + t) SrStBfe-TSo 



5 p—ifTj ^jn&mKfti&tt&'vmttz. b&t>t*iito 

Gftap<**— ©ft* 
.0 IMK©**'*** — L-CBm^i-J: 5ft*ttDNA^fL i n e a r 
DNAiiRUfc. Linear DNAS, MMM 2 m33V>Tf^$tUfc p U 
DT 2 Sr^^r/V— b £ UT. Mi^&:7 P 7^-£J^Tiiiiii-r5 -tl-if 
#fc„ 

L5 (KODl©i|) 
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ffln^ltKOD-lW&mkX'^V^&fcky Linear DNA&J1 
V>T^K4EifeUfco ^R^tfcKOD-lflctt, ASW-AAT*#tf£L-fc„ 

ji5itufc^Asw-AAfc*t^v^ 0 mz.z<Dmfcmm-k-emm 

10 I^WTt^tc 





=1 > hp-Jl/ 






C a C 1 2 


+ 


+ 


+ 


D N A 




Linear D 
N A 


Linear D 
N A 


is 51 




mm 




T/C 




7/1 2 


0/1 2 






7/2 4 
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m3m\z.*:Mth'>t£< tt>50 ojtt-f ofett« N m 5 %&>±<Dmmx*?~ 

i o vtcm&<D ?—?*rj>> ?mmx ^ 'M<H5oo mm, 0 ^ 

ix <nioo om.m<Dmwtmmmmz:!&mx3bz>z- 1 

±j&(Dfete*&>ft*<Dikte^- m*.t£. sb^j##3 95 ( b y -7 H7t^ 

5 : ^ ^ ^ ct * ^ -fi&g) 

20 ^<z>*— y7^^$t^<Hfofc 0 J&o^^SHSrHS^i-o pUDTl (@H 
^iJ#-^2 15 8) «±3zB©J: 5 Idf^SSUfco 

(KODl©» 

mrnm 2 tcis**© * 5 i^kod- 1 mzmm^o 

25 
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fcKOD- ltfcte, ASW-AAT**i^bfCo -<£>I£K KOD-lttft ^ 





3> kp— ;u 






C a C 1 2 


+ 


+ 


+ 


D N A 




p UDT 1 


p U D T 1 








mm 


T/C 




1 /9 6 


2/9 6 


if&T/C 




3/1 9 2 



*^*>, PyrF + j|) 



517 



mm 5 £ n^i^^i^fjj: < te^tmmirz ^ t tmw vit a 

(IIJS^I 7 DNA V ^f—^lkB^fD^) 
ATPMtDNAU - £3rE scherichia coli P^-C^^. 
£i§r5fc£>K:te, .BXT^J;?^^ h^/^^ffibfc 0 *^PJi-*5V>TI^^$ 

jifcDNA y jtf— t? • (0jjfctf N ib?ij#-*§- ii3i) ©E^^-tf s ±ia^ T — 

«r:/7*$ K p E T 2 1 a (Novagen) MifALT. ^7^5 K*r*lfi 
±sE07°7X^K»TEs che r i ch i a coli BL2 1 ( 

de3) m&j&wfc&rrzo mmrrzTt/^^v ism&teUte&te&T^i?^ 

i)y (50 M g/ml) ^ttSNZCYM^i (1%NZ75^ 0. 5 
70 NaCl, 0. — * b^ 5 *** 0. 1 /W., 0. 2 %M g 
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S0 4 - 7H 2 0 (pH7)) \Z.&mVs ST'CT'ODeeo^O. 3 KUfcS&TfJg 
HU ^VN-C-T y^ct fcVW- J3 -D-^;#7^ bf7/v/K(IPTG, 0. 
1 mM) &«fc&PU ^ £>t-3 7°CT?i^^^-t-6o i#^T^, ««r^ 

m'&mfr&m>\j>ftm-rz>z. tit*. *>&&&ffl£o ^<Dmn&£ b^mftuvm* 

^filtt^, nd I I I b^/c^^ 

io ^©^'fii^igmi-s^, *fcfi 32 PT*^abfc^-y =fdT^#^^fc«^5fsi-^ 

f£/B£ii:, *KJS(7) 32 P?r7;i'7VP*7 7 7^^t^*U &V^j&lt?5tt 
^rS!l^i-5^ffi^^^J:o-ra«^$tL§ (Rossi, R^, (1 9 9 7) Nu 
cleic Acids Research, 25 (11): 2106 — 211 
3 ;Ode 1 1, M. £>, (1 9 9 6) Virology 221:120-1 
15 29;Sriskanda, V. h, (1998) Nucleic Acids 
Research, 26 (20): 4618-4625 ;Takahashi, 
M. £>, (1984)The Journal of Biological C 
hemistry, 259 (16): 10041-10047) §r#^r t) 0 

20 mmw8 : mmmjkmmm<Dmm.&£xjwm) 

<SrMlii"6^^-efe6 0 t©gjSfi^HCOO- + NAD+§CO s + NADH 
T?^^fb5o -^T% NAD (=nfy7? KT^— ^v?^^ Vtf*^ K ; 515c 
SlttNADH) W: N S6^*7c»*RjSK:g8-^-t- 1 offcS. 
25 «7kiii?gttfJ, l^tfri LTN AD P + ( 3 4 0 nnu 
£ =6. 2 2X 1 0 3), (6 0 0 nm, e = 1 . 13X1 
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0 4). & tc ^ vvl' \f^T vffls (6 0 5 nm. e=1. 47X10 4) £ 
m^XfflfeZtlZ (Andreesen, J. R. (1 9 7 4) J. B a 

cteriol., 120 : 6-14). 

(i»^'l4!^mj^7K*^*^Bm) 

mm&LTkmmm (@e?ij#-^3 05, 673, 10 so^^i 0 5 d &e s 

cherichia coli ftT^m^SfcfeKl, WT<^fE&lfe&£ Ufc 0 

R&fflV^-ClfililU /7^U*pET2 1a (+) (Nova gen) t#AU 
T, ^7^5: KpET2 1 a/ f dhABlr#fc 0 ^f^^S; KSrfflV^TE 
scherichia coli BL21 (DE3) ^^Hfe^Ufc 0 

WmUfcT^tfiy V ylttSIMfSrTyt'V!) ^ (5 0 n g/m 1 ) £: 
tft^NZ CYMJtl (1%NZT5 >\ 0. 5% NaC 1, 0. 5%-* 
0. l%%1?^;m. 0. 2%Mg SO 4 • 7H20 (pH7)) 
CiIU % 3 7ttOD6 6 0 ^o. 4 ^ & 5 £ U y 
tV^-^-D-^-^^^ Hf7/^K (IPTG, 0. 1 mM) 
^bl-4^K 3 7 0 CT'^^^bfc„ ig^T^L ^«5r3i^»-J:9lHl 

«#fc 0 - r<D«ttl±i^-lr8 0°CT*1 5^JPl^U, &V^^fr#itLT±: 
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z<DmBmm*mm®t7kmmmfe&* i %fe (An a r e e s e n, j. r. 

h (197 4) J. Bacteriol., 120:6-14) Kft-^XWlfe 

mmm 9 mmm& 0 - ^ y ^y—v) 
0 - ? y 3 if «\ # - ^ y ^ K^t-a-^PTK^-r a mmmoB'fox 

if, 0 — =7 if. £ -7/1^ hv^-ifft^S^tbSo 

»*fcb-cfUffl*^s#*tt. teffl£*x5KJ£&# (ph, 

*Kj(W#t?tt^ £ -jSy? hl/y—Hfe, p-D-Jfy? V^V&MTkftM 

hfc K07- if^-TS^^v^o ^WOB-yv iff3\ /3 

-tfy? bi/y—Hmmz.MZ-X, $->f)V^i/¥—M^ j-ey;^- if 

(0-^y 3?/^- 

Ji5£©HJ6^Ji:lRltll©*«feSrffiV^i3-^y a5/^« if (gB#l#-§-l 12 2) 
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zmmzittco itiiLfcTy^p ^m^w^^T^n-^v >- (5 0 » 

g/m 1 ) mt5NZ CYM&M (l°/oNZ75^ 0. 5% NaCK 
0. 5%-f-Xb^^rX N 0. 1%#1F5/^ 0. 2%Mg S04 • 7H2 
O (pH7)) fcigittU 3 7°C"eOD 6 6 0>&S0. 5 ^ftS^ig^U #CV> 
^y^cifcVV-i3-D-^^f7^ btf^/^K (I PTG. 0. 1 mM) 
SrSfc&nU £ b 1- 3 7 °C-T?^^» Lfc 0 igatsfst-T^L MSrit'L- 

V VJ»tfV T9 y/VT5: K^VV«^tb (SDS-PAGE) i^Vtct 
^^nfc^*^^ K^^Ub^^ ^<D/^ KB: I PTG©ilt©W 

'l4W^ftbfd 0 ^^'l4^^l!i^fe^-oV^T^^, PUani, F. M. 
Eur. J. Biochem., 187, 321-328 (1990) £r#J$ 

/m 1 ^tf^®^*^^"^ 2 . 8 mM p N p — j3 — ^= t°7/V Kfc 

sir ^tt75 x:x~mn ufc 0 ^ffl ufc^»fi y vtt h y ? ( P 

H6-8K t^i/mmmm (pH4~6k ^^mmmm (phs~9k ^y 

*/ZsWmWL (pH 8. 5~10) X'fo^fc (f—ZTFiS-Do ^^JUte, # 

/ml^tf5 0 mMy^tb^^M (pH 6. 5) f»-?2. 8 
mM p N p - 0 - ^ = £" 9 7 > K«r»t £ UT#«iBjE "Chilli bfc (t*- 
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frh^Z>. 7 5°C (l/T*10-3=2. 8 7) ©#i£T*aH^#^^ 
LTV^5^. t # S ¥UK Vtc 0 S;k=Ae -E/RT k ttRjSaSK^Ifex 

2 5~7 5 c C<D^|S-e»E= 5 3. 4 kj/m 
o lt'fe^ ^Lt7 5~10 0 < C©^iTitE=17. 7 kj/molU 

10 10 0tt#i^ >-^-<— h Ufc^, aSSiS-H-tr, mm 1 . 5 ju g/m 
l£r^tf50 mM!JyitMJ!>AifI (pH 6. 5) ^2. 8 m 

£-f)„ *»W©^-^P a^$r~ iftfs, 9 o°C*5J:^l 0 CTCM 

w (ph 6. 5) *-c8 cc^aueufcfcr^, imm<o$-?y 

20 0 - ^ = v ^ — 2*3 J: t* jS - >> n i£?gt£ t> ^T-T * - £ Sr^-To 

2 8 mM~5. 6 mM©«S©HW 5»ttSrW3t bT#fc t d 
Iffctt©^2niM©tMl (0-7* b — -tntf;*-— * % -feu h 
V^t— tnf b 9^—^*3 £ t^-fen^O-^ — ft ktffciBNfc 1 . 5 m 
25 g/ml£r^-tf50 mM P Z^WtrT h V V &W.mWL ( p H 6. 5)<£r N 80°C 
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5 i =lr^i*o 

^l/#*—*%:t>mz.mm3 n g/m l Sr^tf 5 0 mM^tt b U 17-^ 
(pH 6. 5). 8 0 < C-C4^ra^^^^-<— bbfco l£fc|fOl§ltf>R 

io \^tz. 0 .^\^^(DRfom-*:nm?v-?vy : 77 (tlo ^^ttfc 

tf3 — x N -feci by ^ — .x N fen-r h7t- ^ftfeo^-fen^:/^— ^te^ 
h*tRj6«l!:****tfco £.tf>*£*H\ #3£91tf>0 -i7*y =i^y— 

20 

mmm 1 o : wtt^ft-^) 
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N-T-fe^-/V^/V'=i^$^Sr^i-5IP5!l"C*>?>x %km%>#V (1, 4-/3- 

io (aa*Mt^^^— - \?<D3m) 

±^(ommm^um^fi^xo^ m.nm&* s ?~) — (mh^j#-^9 9 1) 

g/ml) SrtttiNZCYM^ffl (1%NZ7^, 0. 5% NaCK 
0. 5%--f— * h^=¥:*. 0. I%#1f5/^ 0. 2%MgS04-7H2 
15 O (pH7)) fclggKU 3 7 o Ct?OD6 6 0 ^o. 3 &£&5*-ei#^U, ?fe 

iv-e^y^n tw-js -d-^-#^ ht°7/^K ( i ptg n o. i m 

;vr ^ K^/v-m^Wl (SDS-PAGE) l^bfc £ £-5. ^ $ tu/t^i 1 
3 0 k D a tfV*^ Ka*tfcttJ Sfrfc. 

±|E^^SU^3fSf^ N (4 0%|&fp), |^t^7A (H 

iTrapQ), ^MEti®#7A x fc^^tV^^A (MonoQ) $r 
25 ^fflb-t. SDS-PAGET?f-^KiLT«|SSil5*T?»»Lfc. 



525 



5 I)10g^85%!Jy^500ml IC^UT- 4 °C-C 2 4 B#P«# Lfc 

5gU5fe#-L/c„ NaOHt*pHt7. OCilb #CV^£ h K 1 ®Jfc-f 
10 ^BJ^jgW^^^"^— if^MS^S^. JbfBtt«B**©?&tt:«rs 5 0m 

My vbw-mj (ph 7. o) q*x\ 6om a*©iatt«t5 

15 T% 6 0^1, ^TO^W^Sr^bTS^<DpH-e?ilS-r§- 

l,tc - 5 0mM^^^7Ki^2^-h !) ^A-HC 1 (pH2. 5-4. 0);5 
OmM^itMJ!?^ (pH4. 0 — 5. 5);50mM MES-NaOH(p 
H5. 5-7. 0); 5 0mM Tris-HCl (pH7. 0 — 9. 0);5 
OmM^P^-NaOH (pH9. 0 — 10. 0) o ^J&teTk^ £ 9#it U 

20 fc 0 ^m&iii 5 ^m^mmmt^f-r— &J4. o^ssph 

m*(OlAfe(Dm. (NaCl^fcttKCl) »Uc5 OmMU ^tt 
25 hy*A (pH 7. 0) 12 0m 8 0°C-CiiJ;£1-5i£l-£ 9^ 
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5 tf/V-^- Mft-^ (G2)s MJ-N-7tf/V-*fM)t- 

X ( G 3 ) N T'h^-N-T-fef/V-^hTb^t^ (G 4). -O^-N- 
T-fe^/V-^ b^^^^-— * (G5), ^it^-^^-N-T-fe^/V-^ 

X (G6) -efeSo 0. 7mgO^Oty^i> 7 0 mMH^^ MJ 
(pH6. 0), 2 0 OmM KC K *JitJ*»#* (G1-G3 
10 liloV^teO. 9 jug. G4~G 6 MoV^Ttel . 8/ig) 1:^50^1© 

8 o°c-e-r ^a.**— m ^uto, 5, is. 30. 60, 

2 ^i^bfCc aa/f^fyfcoV^tt, 0. 16m 

gOan/fm^, 5 0mM»M)!?AW (pH5. 0), &£Tfi 
0. 6 n gOD«f3R#**^tflm 1 ©R/SSESn 8 0W^^-fU 

is ^eu-ri. 5. 3. o, 5«pwe-9-^p 3t^*fcJ:9 

2 OffiFjiSBSLfco ^*Lfe£r N KT©i5l-TLCl!lf Lfc. Ki e s 

elgel 60 silica gel plate (Merck It) I" 

^Ufd&Sr^JKs' JSW (n-^^y— /w: 2 5% 
T>-^=T^:tK=5 : 4 : 2 : 1) Srffiffi LTSi U7c„ Sit, 37° 
20 .bfcttflfcS*. ZLthiZ.m&Mm (7=yy4ml, i?7x^7^y4g, T 
tfy2 0 0mK 8 5 % 9 3 0 m 1 ^LtllLt) &**U 

^K^BI^tt^^-^ — 1f04-^Wy^P 7xpy (4-MU) 
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y ztffifctt-fZftm&tkttVfco GlcNAc-4-MU, GlcNAc2- 
4-MU, ffcftGl cNAc3 - 4 -MU (0. OlmM) 1 0 fi 1, 
1 0 OmMl^tltt (pH5. 0) 9 9 0 » 1 , &&Xtf&90#&2 O/il (1 
8ng) =Sr8 O'CIM' J^a."*— hUfc 0, 5, 15, 30, 45, 60, 
5 fSfcttl 80^tl00 M 1 OS^Sr^^^y V^U m«r9 OO/jI© 
MlOOmM^yi/y-NaOH (pHll) ^^iP LTSJ&£r#-l£ Ufc c 
^ <Z)f&|S|-<£> 3 5 0 nmfci3»t5jaie3t*5J;tJ J 4 4 0 nmfc:}8tt5£c3fe«:#}te^ 

d^MiJb#6r k&&&£tlX*S*> (Robbins, P . W. , J. Bio 
1. Chem., 2 6 3 (l), 4 4 3-44 7 (1 9 8 8)), ^^X—^ 

20 ©Bacillus circulans ^^-^^^^^2 00^ 
^j^K^ S'SrStfh Pk-ChiAA2 (|40Streptom 
yces erythraeus — ■ t?*B|^?W§fc:i3«J;TJt 2 oOt/VD- * 
JBrfr K^'f^Srgtfh Pk-ChiAA3 (flOBacillus cir 
culansW-fW^tf), *WPk-ChiAA4 (14 

25 (DStreptomyces erythraeus 

tf) 1-313688) 5 fcf^tSUfco 



528 




K*fiitt5E. c o 1 ij&Wfe&Mom^yofrb. 7 0°C 

^l^V—h (0. 5%=n^^=3r^>-, 1. 5%*^) ^TKybU * 
L-Crtb^r^^^a--<— m-i^ioT, -fcOfiHfc&ifeWU/fc {y*—#7F 

^Il#:Pk-Ch i A A 2*5J:rJ?P k-Ch i AA4<7)ftiit3 0 M 
10 1 Sr. 3 0 /x 1 ©l%an^^;^yt^U 0°CT? 1 P#M-f V 

>-^tf«Sr#^ ifciRKloV^ttifciRS: 5 OmM!) b^A(pH7. 
0)-e2|Ut5fe^U,^bT^tb^?rSDS-PAGE^Ufc ("7*— *3*£T)„ 

is — ■ vm&te.&&t £fts r t £^1% 

m 1 1 : aity/p-^ tr* y ^#/i^>^~if) 

v^ 0 y ^n-^if^y ^sbfr^a?*^ 
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7"-€i^^fUT, ^©CO 2(D@^|g^_h#^*/c»^WS 

* y y^co 2 ^#ttbT2^© 3 -***^y i?y 
(jTOHfttt y -f n — * if * y ^-^7-^ <D%m 

y 7*o- * 3 3 8) Sr3Sm$*/t 0 ffl 

m ufcT ^ tfv- y ^wt&^ttteifefr&T ^ tr v y ^ ( 5 0 m g /m 1 ) £r-a-* 

f^NZCYMJt* (l%NZ75y, 0. 5% NaCK 0. 5%^—^. 
h^i^X, 0. l%^if^y^ 0. 2%MgS04-7H20 (pH7)) 
ills 3 7tt*OD6 6 0^0. 5fcfc3*^£*U &V^-f y^atVl' 
— j3 -'D~ s 9-iriS : 7i/ W^Sis K (IPTG, 0. 1 mM) SrSBflOU $ 

0 0 mMlf^y/KOH (pH8. 3) /10 mM MgCl 2 

vjvtx YtftvnMfam (sds-page) mrnvtctzz, ^mztifrft 




jrl/^^Jl ^ARe source Q (Am ersham Pharmaci 
a Biotech, Uppsala, Swede nk teXXfff/l'W.MJj 9 & 
Superdex 200 HR 10/30 (Amersham Phar 
macia Biotech, Uppsala, Sweden) ^rffiV^T^fe) 
fcilU, S D S - P AG E t J: Kl?fc5 i i (t*— * 

Jtfilfi3\ AKTA explorer 10S (Am e rsham Pha 
rmacia Biotech, Uppsala, Sweden) ^Hgffl Lt 
Htfebfco liM^^m^iN^o^-Cte. #ltl^ 100 mMtf^/K 
OH (pH8. 3) /10 mM Mg C 1 2(Dl»Mt5^ 0-1. 0 
M N a C 1 © ^7 v?xy b Srfi LT^I y/Hti^MoV^te, 5 0 

mM!) VfijW- !7A/0. 15 M Na C lifftSr^fflUc 0 

^j!>77x- h (RuBP) (Sigma) 3r^@t UT. Uemu r a, K. 
6> N P 1 a n t Cell Phy s i o 1., 3 7 (3), 3 2 5-3 3 1 (1 
9 9 6) (-IB^^^-fe^oTaiJ^UfCo 

*1\ *^oMHfM4y ^tf^. y >'Wt%A'#*i/9*- -^(omMp h 

^rp-<fc 0 ^ ( p H 5 . 6 ) x y h y ^ ( p 

H6. 3), Ki/Zsmmm (pH7. 3. 7. 8, 8. 0^b<{*8. 3). * 
/cfi^y iX^Mffi^ (pH9. UL<ttl0. 1)*5£U<10 mM Mg 
C 1 2 ^tt§i»tt'3 0 mM RuBP 

J6U l^W^feU lmg^fcH/imol <Z>C O 2 «:@3fei-S«SttSr 1 U t 
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^pj^si^tty * if* y ^^^^r->7— 8 . scorn 

fc c Kj£f3\ 100 mMK'v'y-KOH (pH8. 3)*5<fO?10 mM M 
g C 1 2 Ztt-TZmmmtp-eS 0 mM R u B P £^JC£ Lt|-®aS^ 

5 -if ra&j .9 o °c ^r^-r 6 - 1 £ tbfco 

-if 8 0°Cfc*3V^i^Jl 5^<^^^sr^r-r5- t^$^c„ 
^ISPJ^iMfty — x y ^¥fc%;VT$3c^=5— if (Dii/vi^^^— t??g 
^^Xl^^^-r— if^ttSrS 0°C~9 0°C-eS'J^Ufc o 

V7-' if?£t£ifc-efc6 Tflt^mUfd (Ezakib, 

J. Biol. Che m. (J Biol Che m. 1999 Feb 19; 
2 7 4 (8) : 5 0 7 8-8 2) «r t) a 

Olt^«^J2 0 : 0. 0 3-Cfe«9., ^*^flt#J^J^#V\ ££oT N ±|B<£><fc 5 

&rlga*i&^££;fr5 e KOD-ltft^Oiltt, ^CD^-Yyi I tf>@#Sf 
OtI »30~20 0) 4 7° I <Dffim(D t \& (ftlO) KUttRLT. 
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:7A^h— 6 -tr^jfc^^rc— hT/l^KT— € (iB^J#-i-l 2 7 5) 3r 
Escherichia coli ft-C&^-SSfci&fc:, SXTcDmt&MM 

*IP CR&m^Xmmi^ KpET2 l a (+) (No v a g e n) 

tfALT, K£r#fc 0 ^©7"^^^ KlriV^E s c h e r i c 

hia coli BL21 CDE3) m&Jtm&^fro 
mm.^tcT^K°isV ^M^nU&fc*T^K°*yy is (50n/ml) £r 
10 tft^NZCYMfft (1%NZ7^, 0. 5% NaCK 0. 5 °M 

0. l%7Jlf5./^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
t^IL, 37°CT?OD6 6 0 *S 0 . ^V^T^y^n 
tVW-^-D-f^7^ht°7/^K (IPTG, 0. 1 mM) SrgfctinU 
$ t>^4^ra 3 7°C-r^^^i^bfc 0 Ig^TfL iBJ^^rjS^ili-J; V) ® 

9 8 2) (CfB^W^^oTa!|^U/ci^^>. ~7 )V? X 1 , 

mmm 13 : ? v ± n — — i?) 

25 ^Uirn-yl^ if (IB^IJ##1 64 6) ^Escherichia co 
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XU'pET2 1a (+) (Nova gen) IdfAbT, ^m^^K&tt 
fc 0 £05 7* 9* 5 F^fflV^E scherichia coli BL21 (D 
E3) tfcSrJgSMB&bfco 
5 LfcT ^ y ^smjlWIEifete&T >\fi^V^ ( 5 0 m g /m 1 ) £r 

^T-rSNZCYMigtiil (l°/oNZ75V, 0. 5% NaCl, 0. 5 %-T 
— ^ h^*X, 0. l%^J^^/m. 0. 2%MgS0 4 -7H 2 0 (pH7)) 
iCglL, 3 7ttOD6 6 0 ^0. 4 S-&S£-ei£*U #^TM y :7°n 
tf/V—jS -D-^^f^^ bfcT9/^K (I PTG N 0. 1 mM) 

^<Sr#fc 0 Z<DmR&ttimm&8 0°CX1 5#imMU ^T^fr#litL-tii 

is 9 8 2) fcum<DjjmzL&^xmm^tih^%^ mmmmmm£tifr 0 
mmm 1 4 = ^-hftKn ¥1 — -t?) 

20 ^/W^^—h^t: Kn^t- i? (ia?U#-5§-1 239fc«fctf1 637) ^Escher 
i c h i a coli ft-^im^-frSfcfe^ ^T^fi^Hifc -frfe 

V^T*|iI>IU -7=7*^ Kp ET 2 1 a (+) (No v a g e n) tfALt, ^ 
TgLzf?* 5: K£#fc 0 ZL<D-?7^ % K^fflV^TE scherichia co 
25 li BL21 (DE3) ^^«^mUfc„ 

HimUfcT^tfixy ^»14^«fe^^rT^t°^y ^ (50^g/ml) £ 
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^ttSNZCYMf* (l%NZ75y, 0. 5% NaCK 0. 5%4 
o. 1 0. 2%MgS0 4 -7H 2 0 (pH7)) 

fclHIU 3 7tt*OD6 6 0 4m*5*T?«HlU #CV^t?^ y^n 

tf/V-/3-D-^^9^ ffcf^/^K (I PTG, 0. 1 mM) £r»JU 

5 * e> m 4 3 7 t^i^iitfco mmmr^ ntettfo&mvz «t 9 m 
10 9 8 2) iz.mwwJjmz-moxmfe'utcb^z, mm^mmm^tit^o 

(HJfcfcl 1 5 : tT/W*— h if ) 

15 fcf/W<— h t? (BB?!l#-^-l 776) ^Escherichia col 

i ft-e3§m$-8r5fc#>Sc x JsJLT©akf^SrH16Ufc. rfrkO:*— y^y — ?4 

U*pET2 1a (+) (No v a g e n) KHfAUt,^9^5 KSr#/t. 
roy^n^ffiKEscherichia coli BL21 (DE 
20 3) ttfcJgJME&Lfc. 

mm bfcr ^ t 9 v y ^wtt^K^m^^r ^ y ^ ( 5 0 ^ g /m 1 ) & 

^ftSNZCYM^i (l%NZ7^y, 0. 5% NaCK 0. 5%^ 
0. 1 Wis 0. 2%MgS0 4 -7H 2 0 (pH7)) 

}:flLs 3 7t:T«OD6 6 0 ^ 0 . 4 U 2fcVN-TM y 

25 fcfA'-/3-D- i ^-#7^ htf^y^K (I PTG, 0. 1 mM) SrSfc&JlU 
$ feM4B£ra 3 7 < Ct?#*SriBfettUfe. #£&T&s J*BJ&&£'i>#StfcJ: y> HI 
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5 9 8 2) te.tiMtojfmz.&vxmfex^itbz^ mmmmmmtsfttc 

6 : ^/ 7 -if) 

10 a:/ 7— £ (@H?IJ#-5§-6 81) ^Escherichia coli 

A^tp7 9^^ ^hSrx ^Jh^Jh/PCR&JBVvTJBffiU 
2 1a (+) (No v a g e n) i:#AUt, ^^9^-^ KSr#fc 0 ^©^7 
^UWtEscherichia coli BL2 1 (DE3) ^ 
15 ^W^mUfCo 

tttSNZCYM^i (1%NZ7^, 0. 5% NaCK 0. 5 %-f 
^1^^ 0. l%#1f 5 /M. 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 
Mb, 37°C-eOD6 6 0 ^o. 4^5tt^tU ^V^y7*n 
20 \£As-& -V-^X-tf?? Mf9/VK ( I PTG. 0. 1 mM) ?r»L, 
£k^4R#Hg3 7 < C-C**Sr«tJW5Ufc. #*li&TflK ^JiSfcj*H>$HKifc: J: 0 III 
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7/1^ h — J*l, 6-lf^*^7 7^- ^ (1B^!I## 1 4 8 8 ) Bsche 
richia c o 1 i rt"C|8^S*SfcJe>^ KT©llff*Sltl/fe. Cltb 
b©;*-— iTVy *-7*>f ^7 U'— A^tf^7^^ v b£> Zti^ihF CR3r 
JlWCHMBLs Zf^XS. Kp ET 2 1 a (+) (Novagen) KfAtt, 
ISSI:/^*^ K%#fc 0 ^HOT"?^ K«T JBV»TE scherichia c 
oli BL21 (DE3) WSrTgJHEjfeLfc. 

ttt^NZ CYM*gi& (1%NZ75^ 0. 5% NaCl, 0. 5 %-f 
-X h ^=3rJ* x 0. 1 0. 2%MgS0 4 -7H 2 0 (pH7)) 

fcg&ttU 3 7ttOD6 6 0 3*0. 4 U atV^TM* y 7v 

t>-j5-D-ft^7^ht°7/v'F (IPTG, 0. 1 mM) SrSfc&lIU 
$ £> 4 u#M 3 7 °C-ei#a^a^Ufc 0 Jta^Tm. Mfc&&>bftffi\Z- J: 9 HI 

(lHWlIl 8 : t Kn^t-f) 
t KB^ "t? (^f7*a=:y H2 % 141, 1142, 1502 
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1 5 0 3) 3rE scherichia coli foX^^LZltZtLlb^ 

;*^b<£r, -tJh/^ttPCRSrfflV^TJdttU 77*% KpET2 1 a (+) (N 
ovagen) tfALt, ^m^?*^ K«:#fc 0 £ * 5: K&JBWC 

5 Escherichia coli BL21 (DE3) «c%^S1ilfttfc. 

WmbfcT^fc'vy ^»^®^^^T^t 0 ->y >- (50ng/ml) «: 
tftSNZ CYMlgiffi (1%NZ7^, 0. 5% NaCK 0. 5%^ 
-^f^X, 0. I%^7if5;y^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
titb, 3 7f(?OD6 6 0 ^0. 4tEL.ife«*T?**U x SfeVvTM" 
10 tr/W-^-D-^^f9^ */K (I PTG. 0. 1 mM) SrSUDU 

& h 4 NpWJ 3 7 •C-e**fc*tt Lfc, ^ii^Tf, 3ttJfiSra»^«l!: ^ t) (MI 

9 8 2) ^|B«(D^^oT^bfviii5, J^^tflMRSftfc. 

9 : j3-^yn^-f) 
0 -^y n^^—g (IB?!j#-5§-9 90) ^Escherichia coli 

KpET2 1 a (+) (Nova gen) fc#AUt, KS:#fc. 
25 Cir;^^^ KSrffiVTE scherichia coli BL21 (DE 

3) ^^^a^mbfco 
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fflmUhT^tf^y 5^Wtt^K*sJWt:«rT^^>y f (5 0 n g/m 1 ) £ 
tttSNZCYM^I (1%NZ75^ 0. 5% NaCK 0. 5 %-T 
— KY^*K S 0. 0. 2%MgS0 4 -7H 2 0 (pH7)) 

tfSU, 3 7ttOD6 6 0 #0. 4 d & 6 * U V ^ 

5 fcf/l'- fl-D-^-^f^ hb°7/^K (I PTG, 0. 1 mM) ^AnU 

a-7?7^ (iB^IJ#-§-2 6 8) £rE scherichia coli l*J"e 

E T 2 1 a (+) (Novagen)|;SALt, ^Sl^* 5 K£#fc 0 C£> 
20 75^5KWtEscher ichia coli BL2 1 (DE3) 

mmvfcr>"t°i/y isww&m.&&w*Ti<'\i°*/v > (50^ g /m 1 ) & 

tttSNZCYM^l (1%NZT5;>\ 0. 5%'NaCK 0. 5 %Y 
~^hx^, 0. 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 

25 fomnU 37 o CT*OD660 ^o. 4 £T?Jg# U i^TM' y 

$--D-^-Jr-$7 ? h ->K ( I PTG, 0. 1 mM) SrSSSDU 
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5 iotiit^Aim sph^k^s^ murmm (l 

9 8 2) ^|5«0^fe^oTS'J^Ufc^^5. ^^tt^H^$^c 0 £fc, 
. (HJSM2 1 : fTW?*-' £) 

io ^mm^^^x^btit^—^^ V ^tfyis—Mz-iLX) K£tL5 

77tf7^ (@B#!#-5§- 1 19 0) &rE scherichia col 

pET2 1a (+) (Nova gen) [ufALT, * ^ K£r#fc 0 ^ 

15 ©^^^ K£JEV^TE scherichia coli BL21 (DE 3) 

mm bfcT v y v»tt^si te#y££T ^ t° v- v > ( 5 0 n g /m 1 ) & 

^i-SNZCYMit* (1%NZT^>\ 0. 5% NaCK 0. 5%^ 
hrc^^ N 0. iVo-fr^^SWi, 0. 2%MgS0 4 -7H 2 O (pH7)) 
20 Kl^ffiU 3 7ttOD6 6 0 0 . 4 tLXigm l^TM" V 

tVV-i3-D-^^7^ M^7/VK (I PTG, 0. 1 mM) Sr&fetJPU. 

$^^4^3 7°c-t?^^^ufc 0 i#«^T^, mm&^>bftmz.£'Q® 
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jyrvy*** h V V? ^7*9- £ ffi?(Jff 1 0 6 8) IrEs 

cherichia coli ft"C3§m£3i:5fc#>^ WT^f^Hii Ufc» 

R^^V^Ti^iH "fy^ 5; FpET2 1 a (+) (Novagen) (^#Al 
T, ^^f=7^% K£r#fc 0 ^(^^^^5: KSrJHWTE scher ichia 
coli BL2 1 (DE3) #3:?gJMEtfeUfco 

mm ufcr ^ t° ^ y *r ^ tr v- y v ( 5 o ^ g /m i ) * 

^tt5NZCYM«ffi (1%NZ75^ 0. 5% NaCK 0. 5 %>f 
^bx^, 0. I%^7lf5:ym> 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 

tegettu 37°c-eoD66o ^o. 4tft5*"e«*u ftv^y^o 

\£A>- &-T>- s ?-*r-tf , 7 9 h¥9S (I PTG, 0. 1 mM) 

m*mz 0 z.<Dmsmmfc&s o°cxi sa-naaniftu &L^x&>b#mvx± 
z.<Dmmn, 9 o"c\zMmmM^^x^ttio 
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4 - a -D- ^/V-TJ ;h7^7 x. (S3^lJ#-^- 1185) £Escher 

i c h i a c o 1 i rtT^m^^^fcfeiC ^T^MsSr^lJSUfco -*b£> 

V^iPIL, Zf9X^ Kp ET 2 la (+) (No v a g e n) CfAlt^ 3§ 
5 K*#fc, KWtE s c h e r i c h i a co 

li BL2 1 (DE3) #c£^Wi|£#UfCo 

bfcT ^ y ^»'14^S^m^^rT ( 5 0 fi g /m 1 ) Sr 

tffSNZCYMJtttl (1%NZ7^^ 0. 5% NaCK 0. 5 %-f 
0. l%#ifS:/^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
.10 KWmV, 3 7tfOD 6 6 0 3^0. 4fc^5tt@iU ^f/fyT'a 
t°/V-j3-D-ft^7^ ht^/v'K (I PTG, 0. 1 mM) ^iiCs 
£fe^4B#553 7^C-e^»i^bfc 0 fSHTf, JWJiaSr5a^l«He:j:ij|iI 

m&nito Z<D'M$imWi%8 0°C7?l 5 &v^3t'£>#lltUTJ: 
15 *f&#> ^tt^a^^t bfco 

9 8 2) {c|B«<D^fe^oTaiJ^Ufc^^5. i#I^I4«i&£;fafc 0 ^fc. 

20 (^»!J2 4 : DNATKy €) 

DNA#9^7-f (gE?IJ#-i§- 2 , 93, 379, 648. 649. 743. 
1386, 1740, 1830) ^Escherichia coli P^"C^ 

25 -A^tp77^Vh^ -ttb^HPCRSrfflV^tBffiU 7"7^^ KpE 
T 2 1 a (+) (No v a g e n) I^AUT, ^§1^9^$ K«r#Vt, 
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7^^MV^Escher ichia c o l i BL21 (DE3) 

WmUfcir^brvy ^Mte^TC&#«:ri'fcrS'!J ^ (5 0 /z g/m 1 ) £r 
tft^NZCYM^i (1%NZ7^> 0. 5% NaCK 0. 5 %-f 
5 h^5r^ % 0. I%^7if5/^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 

KWMV, 3 7t-COD6 6 0 4 ^ig^U yy°n 

— D-^^-^f^^ ht°^7^K (I PTG. 0. 1 mM) ^r^PU N 

is fcmmnm&^fvx^tio 

2 5 : * l/f^ls Kp? ^ 

ioTibtLfct- y^y -x^f Iz-AKi J; 9 a — K$*t5 

^ l/tf^l/ VT— if (IB^!j#^-2) ^Escherichia c 

20 oi i rt"e^sm**a/t«)fc % eiT©i^^mtfc. ^b^-^y - 

Kp ET2 1 a (+) (No v a g e n) tjfAtt, * 5: 

#fc 0 CO):/?* 5 KSrJBWT E scherichia co'li BL21 
(DE3) tfcSr^JWB&Ufc. 

25 maufcr^tf^y vwtt^jtfejftflcsrr^if^yv (so^g/mi) & 

tftSNZCYM^i (lroNZT^^. 0. 5% NaCK 0. 5 %-f 
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hx^, 0. l%^f^^/m, 0. 2%MgS0 4 -7H 2 0 (pH7)) 
fc&ffiU 3 7°C-eOD6 6 0 4 i^-cM y^n 

tf/k- 0 -D-^^-^f^^ b t-^y f K ( I PTG, 0. 1 mM) IrttL^ 
*6>R14I*IH3 7"C-C«lt«rlW*bfc 0 J#*mT«. *WJ3&£3£'fr#fiK: £ «9 HI 

2 6 : t * h >-) 

15 fc * b ^ (@H^IJ## 173, 1470. 1 9 6 2 ft if) Hscherich 
i a c o 1 i rt-C|§m**S*i«)fcs ErF©SM£«rl£Ji£L;fc. rtlb^^- 

«U ^7^5: Kp ET 2 1 a (+) (No v a g e n) l^AbT, S&m^ 
* ^ KSr#ft.. ^<DZf^^ ^ K^rfflV^E scherichia coli 
20 BL21 (DE3) ^flfeHU. 

tttSNZCYMit* (1%NZ75^ 0. 5% NaCl, 0. 5 
-^b^dr*, 0. l%^1f*ygft % 0. 2%MgS0 4 *7H 2 0 (pH7)) 
HiiL, 3 7tT'OD6 6 0 ^o. 4 fc&5*T?ig^U ^V^TM y 
25 Y!jV— $ —T> — 'f~3r3f t 7 y h /'7K (I PTG, 0 . 1 mM) ?:ttt> 

5 biz4mffl3 7°c-cmm*mm\stco tf&mwT^ ism^MW^-^m 
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^a^^R^&sff^ ut^lji^:^ H^flr*tE«E. 
5 mik-wm (1 9 8 2) \z.mm<Dtx b — ^^m^t^m^^x 

9 o°c-e^^-efeofc 0 

fc;* h^A&B (SH^!I#-^1 4 7 0, 1 9 6 2) 3rE scherichia c 
o 1 i F^T^m^^r^fci^.r. ^T^)^^^bfc 0 itbb^^-^V y - 

"7^% Kp ET 2 1 a (+) (N o v a g e n) H#ALT, ^^IT 0 ^*^ K4r 
15 #fc 0 :©/7^^ K£r/BV^E scherichia coli BL21 

(de3) m^mmm^vtco 

WmbfcT^t: 0 ^y ^j»tt^«^m#:^T^t: 0 ^y ^ (5 0 n g/m 1 ) £r 
Mt5NZ CYMigflS (1%NZ7^ N 0. 5% NaCl, 0. 5 %-f 
0. l%^7if^y^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
20 fc8l«U 3 7°CT?OD6 6 0 tf* 0 . 4 Kufc<5*-e*BilU y :/n 

VA*- b tf 7 /'>K (I P T G x 0. 1 mM) SrSfc&PU 

$ £> 4 R$ffl 3 7 °C-e3g#£r«e bfc 0 i#^T^. *BiiaS:5S^«IH: J: t) HI 

^©^W^S^IIt Lt^im H^fS*H£tfs »*^^K^ 
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vt. wiikmm (1 9 8 2) mia*©fc^ h^-r— n&m^tt&tzftox 

5 2 8 : R e c * V^SC) 

R e c >v^ W (IB^(j#^- 1106) ^-Escherichia coli 

10 K p E T 2 1 a (+) (Nova gen) HjfALT, M^7^5 KWc 0 
(Dzfy 7* 5 K&JBVvTE scherichia coli BL2 1 (DE 
3) 8c&?gJHEjfeLfc. 

ffimufcT>-fc o ^y ^m^n^^^T^^^v > (5 0 ^ g /m 1 ) * 

ttt5NZCYM*fl! (1%NZ75^ 0. 5% NaCl, 0. 5 %>f 
15 -xhx^ N 0. 1%^^5/m. 0. 2%MgS0 4 -7H 2 0 (pH7)) 
fclg&«U 37°C-eOD6 6 0 tfSO. 4l:*5*t^iU »^y7n 
t?;w- ^ - D - f ^ bt°7 / K ( I P T G, 0. 1 mM) IriJPL^ 
*feKl4l*M3 7 < Ct?^«rl^Ufc 0 #§||*T*, *M&&3t'fr#*fcJ: 5 IS 

20 ^^r#fc„ r©MililtS:8 0tT'l 5»it, ftV^I^itti 

^©^y/^fitOTHTMe t h o d s in E n z y m o 1 
ogy 262 (199 5) \Z.&&£tlZ>j3m\ZL\s1ti>*vXmi£\s1tb Z*>* 

25 T?t>5^3STf*>o/t. 
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O e -^^V^T = ^ DNA^f/Vh7y^7x7-f (|EM#f 1 034) 
^Escherichia coli faX^^-teStcM', OT^f! 2 ^ 
5 JSbfco rtLG><^^-— X-T J»^tx77<f*^ ^fo 

CT,PCR2:JiV^ifiPIU 7*7*^ Kp ET 2 1 a (+) (Nova gen) 
icjf AUt, ^^.^7^5: K3r#fc 0 rCT 1 ?^^ K&fflV^TE s c h e r i 
chia coli BL 2 1 (DE 3) ^Sr^^Ufdo 

tuiUcTv y i/wimmm&fc&T > \?->v^ ( 5 0 n g /m 1 ) £ 

10 ^-TZ> N Z C YMigflfe (1%NZ7^, 0 . 5 % NaCK 0 . 5 %4 
—X h^*, 0. l%%1f^;m. 0. 2%MgS0 4 -7H 2 0 (pH7)) 
fcmmi^ 3 7°C-eOD6 6 0 3^0. 4 Mft5l§;T*it*U &V^-f V ^ 
tVl^-j3 *>K (I PTG. 0. 1 mM) »U 

i^tSlt^Methods in Enzymology 262 (1 

995) iz.mm&nzTv^^fcmtttmfcm^xmfe^tct^?>, mmm 
20 tt^^$^ 0 9 o°cizL^.mum*mvx\,^ 0 

(HM!)3 0 : PCNA) 

^m^x^xm^fitc^y^v — 7*4^^7 v =»— K£fr3 

PCNA (proli ferating Cell Nuclear Antigen > WmEM^MflW) SrE s 
25 cherichia coli foX&W.ZltZfrftfc, ^TO^&^&S Ufco 
r *L :7 s V y -f-f U—J±%^tx77y* V h£> ^rtl^ttP C 
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RtrJBV^Tif i|>IU 'fy^ 5: Kp ET 2 1 a (+) (Novagen) I^AL 
T, mny?*^ KSr#fc„ Z.V-fJ*^ KSrfflVvCE s c h e r i c h i a 
coli BL2 1 (DE3) t^|f^Lfc 0 
fctiS LfcT V if V y ^Btt^S^^^rT ^ bT V !) >- (50n /m 1 ) £: 
5 tttSNZCYMJ^ft (1%NZT^^ 0. 5% NaCK 0. 5%^ 

0. l%#if^/m> 0. 2%MgS0 4 -7H 2 0 (pH7)) 
3 7tt'OD6 6 0 4&£&5l§c-ei#*U #^lM V^n 

tW-j3-D-^^^^ Mf^/VK (I PTG, 0. 1 mM) Sr^BU 

:©|^y/^fg$^ Methods in Enzymology 
2 6 2 (1 9 9 5) \Z.mM&tlZTy^JKmKttm\Z.ft<>XmfeVtikZ. 

(MMM 31 K-/vtVw<- h7iV K^v'^^-^v- Kv^ ^— if) 

20 -f >- K— /utTA^- h 7 * 1/ Y^Wtti/ K if (IH?!l#-*§- 2 4 5. 
2 9 1, 6 5 8, 659, 660, 6 6 1, 704, 941, 1036, 10 
37, 1295, 1297, 1338, 1683, 1685, 1686, 17 
25, 1827, 2012, 2147) ^Escherichia coli 

K p E T 2 1 a ( + ) (Novagen) tjfAtt, ^^f"7 * ^ K£r#fco 



548 



i®^7X^MV^Escherichia coli BL2 1 (DE 

3) mzmm$m^tc 0 

ffl^lfcTy^y ^Wtt^SMElfeflcSrT^tfvy > (50^g/ml) £ 
^ftSNZCYMftt (l%NZT5y N 0. 5% NaCl, 0. 5 %-f 
-*h;x^;* % 0. 1 0. 2%MgS0 4 -7H 2 0 (pH7)) 

till, 3 7ttOD6 6 0 4KUfc5*-Ci&*U 
tV^-j3-D-f-^7^ bt°7/v'K (I PTG, 0. 1 mM) SrSsflDU 
§b^4NFW 3 7 0 CT*i#«Mi^'bfCo ^7f, M£jg^#f»£ 9 tH 

2 : 5: J/Wfe*— 

^/l^ ^ >">^*fe^— £ (@H^ll#-^-6 2 7) £:E scherichia co 

X? KpET2 1 a (+) (No v a g e n) fc#AUt, ^^^^ K«r# 
fc 0 r©7°7^^ KSrfflwrE s c h e r i c h i a coli B L 2 1 (D 
E3) 8c«rJ#M6JfcLfc 0 

mmvfcTi/vssv >'m^&m&fc&T^\*t'y>' (so^g/mi) 

MfSNZCYM^a (l%NZ7^y^ 0. 5% NaCl, 0. 5 %-Y 
0. l%7Jif5;y^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
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te*g«U 3 7tfOD6 6 0 4 fc: 5 * U #CV vTM" V * 

bT/V- 0 - D -"f-frU *7 & htf^/^K (I PTG, 0. 1 mM) Sr^B 

10 

7y h^^l/— h^^Tjsy ^>;l'h9^7x9'- (ia^J#-^-3 9 4 N 17 
6 7) ^Escherichia coli ft-?3§m& itrSfc&fc^ fi^T^lft 

^*l/-?*lPCR«:JSV , *T:tieU ^7^U*pET2 1a (+) (N o v a g e 
n) (e:#AUT. Sgm^^S K&#7£ 0 £©^9*$ K»TE s c h e 
richia coli BL21 (DE3) tfcSrT&SME&Ufco 
WatfcTy^D ^lM4^«^^^T>-t 0 v'y >- (50/ig/ml) £ 
20 ^ttSNZCYMft* (l%NZ7^y, 0. 5% N a C 1. . 0. 5 %-T 
—^y^*^ 0. 0. 2%Mg S0 4 • 7H z O (pH7)) 

Kftfll/, 3 7°CtOD6 6 0 # 0 . 4t)5;5tT?»*U ^V^'fyT'n 
tVW-iS bfc°^y^K (I PTG, 0. 1 mM) 5r«SflnU 
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m-kmm U 9 8 2) ^mm.^m^^xm^vtct^.^, mmmmmm 

5 

(Htfc#l3 4 : =i try tf) 

at*y if (gB#!#-^l 3 7, 1 9 04) ^Escher ichi 

a col irtT?»m**«fe«>»^ »T©iftf^Sr*l£bfc. itLfeO^— 7 

10 >"J — f*-r:^:7V"- ASr-g-tf^^^^ -ttt^PCRSrfflV>Tli<g 
U /7^^KpET2 1a (+) (No v a g e n) KjfALt, ^S^T^* 
^ KSr#fc 0 ^-<D^7^ 5 KSrfflV^E scherichia coli B 
L2 1 (DE3) #«rJ£IHEifcUfc. 
ffllLt7y^!J l/Mm&Kfe&fc&Tl/K'i/V > (5 0 /* g/m 1 ) Sr 

15 tttSNZCYMft (1%NZT^^ 0. 5% NaCK 0. 5%4 
— ^ b^d^ 0. 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 

fcifcttU 3 7°C-COD6 6 0 ^0. 4 fc&5£"ei#SlU 
V/ls- &-D-?-3rtf9? Mf?;*/K (I PTG. 0. 1 mM) 
*fe»d4l*IHl3 7 0 C-ei^*«Mbfc 0 i&^ifcTSL 3ttJft«r3»^*»J: J; 0 HI 

r<£>3|&@Nif}§3£& Methods in Enzymology, Acadmic Press fclfffl|ft©#ifet£f£ 

25 aimaf«r^ru-cv^ 0 
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(HWU3 5 : ^^^y^^Tyb^^v-h^y^^—^) 

*^*y^^7yh7 = ^b^^^7-if (IB?lJ#-§-4 4) IrEsche 
r i c h i a c o 1 i ftX^m.&&%tz.&\^ ^T^f^l^Bfc 

J3V^ifi|>Ib, ^-7^^ Kp ET 2 1 a (+) (Nova g en) tfAU"C, 
^^^•7^ - K£#fc 0 ^<D-7=7^ ^ KSrJlV^E scherichia c 
oli BL2 1 (DE3) ^^W^UfCo 

ffilLfcrv t'^y y«f igiMry t'^y v (50ng/mi) £ 

10 tftSNZCYMit* (1%NZ75^ 0. 5% NaCl, 0. 5%4 
-^h^^7i N 0. l%7Jlf5:/m> 0. 2%MgS0 4 -7H 2 0 (pH7)) 
fc^HU 37°CT*OD660 j&* 0 . 4fcfcS*-T?i£*U tfCVvC'T VT'n 
tVV— /3 — D — ^^rJf 7 P b If 7 y y K (I PTG, 0. 1 mM) *SS*P U 
Sfcfc4i*|in3 7WJMfc*MUfc. fii^Tf, JHJ&fc3*'W&«K:.J: 9 HI 

i^#to £<&SBJ&*&ffl?foSr8 o°c-ei 5#wina&u ^v^as^iitL-cJi 
20 £.<&bp*«\ 9 oxxz.mMmM&^rvx\^ 0 

mi&&l3 6 : 3/<9§Xi/^- t?) 

3^7>; ^^V* — i? (BByiJ#-9-l 8 1. 9 1 0, 1720. 197 3) ^E 
25 scherichia coli ftX*2&$L£ J &Z>frlit>\^ gT©^?rIlU 
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PCR&JBWCitffiU Kp ET 2 1 a (+) (Novagen) Kff 

Alt, ^^,^7^5 K4:#fc. ^©7*7^^ KSrffiWTE s c h e r i c h 
ia coli BL2 1 (DE3) ^S:If^Ufc. 
m$i bfcT ^ t° v- y >-«1^KtelfeflESrr V y ^ (50 M g /m 1 ) *• 
5 ^ttSNZCYMJt* (l%NZ7^y, 0. 5% NaCl, 0. 5 

— Xh^;*, 0. 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 

fcg&fflU 37°C-COD6 6 0 3*0. 4 fc&5£-T?:Jg* u 3fcv*-e>f y Zfxi 
\?>V- fl-D-^X 1 ?? Mf9/VK ( IPTG. 0. 1 mM) SrSSWU 

itf>3fiL^^^£: Methods in Enzymology, Acadmic Press l£&4ft£):^&t£t£ 

15 SSm&Sr^b-CV^fc, 

(H»!l3 7 : >f^K— /U-S-^y-fen— /k-*^7x- h — i?) 

^ ^ /U— 3-^y -fen— /V-*7n7x- b V^* — if (BB?U##7 7 2) 
20 ^Escherichia coli 1*3 "CSBm £ * 5 * fc^ £4T©tfef^S:^ 

jgufco ^^te><D^— T'vy— t*w ^7w A*-grtf79^ ^ 

mPCRlrfflV^lliU 7 P 7^5KpET2 1a (+) (Novagen) 
icjfALT, K£r#fc<> r^T"^^^ KSrfflV^-TE s c h e r i 

chia coli BL21 (D E 3 ) **<Sr7gSME&Ufc 0 
25 fflSl/fcry fc e ^ y J'BttJgWBtfett&T y ^ (50 W g/ml) Sr 

^ttSNZCYM^i (l%NZ7$y, 0. 5% N a C 1 > 0. 5%^ 
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# • 

h^i^r^ N 0. l%^7if^/^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
iCiSt, 3 7°C-eOD 6 6 0 4K:fc$*-WJIU 3fcWTVfy:/P 

feW— j3 — D — ^^T^f 7 ? fh°7/v/K (I PTG, 0. 1 mM)*«fcbnU 

io z<Dmmte. 9 o°cKmmm.m^vx^r^o 

MJ^h^r VS'^ — (SH^lJ#-8- 3 9 5 N 774, 954. 2032) £: 
15 Escherichia coli fHxmU&ltZfrfrfc, SiT^m^MM 

tbPCRSr^T^iliBU ^^^5: K p E T 2 1 a (+) (N o v a g e n) }d 
^fALT, ^^^7^5 K3r#fc 0 ^<^7°7^^ K^r^V^TE s c h e r i c 
hia coli BL21 (DE 3) tfc&^K^UfCo 
20 WmbfcT^t°ixy ^m^M^^T>\i^>V ^ (5 0jig/ml) & 
tftSNZCYMit* (1%NZT5^ 0. 5% NaCl, 0. 5 °/W 
-^hrc^r^^ 0. 0. 2%MgS0 4 -7H 2 0 (pH7)) 

37^00660 aso. 4^^6*-e^u N ^cv^-e-r 

tf/V— j3 — D — ^"^"^f 7 9 h 7 / v'K (I PTG, 0. 1 mM) &8s#DU 
25 ££>K:4R#ra3 7°C^i#Si£if«L7c„ i&^T^ &BJI&£ril'L>#!li \z. £ 9 HI 
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?&&#fCo r<D^BSSttW^Sr8 O c Ct?l 5 U ^ Titbit UT-h 

V?, (1 9 8 2) ^|S^^«oTS'J^Ufci^5, Ztl^tl 

(^Jfe^!l3 9 : y #-^*^73i- h \fv&Xft*c1 — if) 
*3§BHfc iotftfeiifc*- T'yy i^-^i-i «3 K£*t5 

y j}?— ^*^7x- Mfn*^*3ft- € (@B^IJ#-^ 7 0 1 ) &E s c h e r 
10 ichia c o 1 i ft-C3§m£i§:5fc£>fc^ UTF^M^Hifc Ufco -^£> 
^^-^ 3/ v y ASr-ftf 7 7 ^ ^ f> 3r> ^ttl^tlP C R <SrJB 

Vvti&flU 77^5 Kp ET 2 1 a (+) (N o v a g e n) fcff Alt, 3§ 
^7*9 K^#fc, ^<D^v^^ KSrJBV^TE scher ichia co 
1 i B L 2 1 (DE3) «5Sr^«tetfeUfeo 

is ajsutr ^tr-> y ^»tt^®^#:^r^t; o v y ^ (sou/mi) & 

^tt5NZCYM»» (1%NZ75^ 0. 5% NaCK 0. 5 °/W 
w-^ h=z*c*. 0. l%7JlfS:7^ 0. 2%Mg S0 4 • 7H z O (pH7)) 
{ZlglSU 3 7tT*OD6 6 0 3*0. 4 \Z.i£ U #^7?^ y^n 

0 -D-^&tf? * hfc'^y v-K (I PTG. 0. 1 mM) 
20 $ h \z. 4 B#W 3 7 *C-C#*&iHa* bfc 0 J£*UfcTSL *M&«r»'C>#*fc £ 9 HI 

25 9 8 2) \zLmM<Dj,m^®i^xmM^fr ^^j^anes*!/*:. £fc> 



555 




W^-b^^-f (@H^J#-^1 57 8) ^Escherichia c 

5 o l'i ftx^^ts&Zfrfrfc, UT<7)mi¥^mMVtc 0 z.ihib(D*—y^V- 

5^U*pET2 1a (+) (Novagen) |:#ALT, ^St^v*^ 
ftfc. iO^U'SrfflV^tEscher ichia coli BL21 
(DE3) H^M^Lfc, 

io ttimbfcTi/t^y ^W^W^m^^r^^i/y y (50^ g/m 1 ) £: 

ttt^NZ CYMigifc (1 %NZT5 0. 5% NaCl, 0. 5%^ 
-Xfx^, 0. l%#*?^Sm. 0. 2%MgS0 4 -7H 2 0 (pH7)) 
I^^IU 3 7°C-eOD6 6 0 ^o. 4 MftS £T?ig^ U ?&V^TM y ;/n 
MjV- 0 -D-^$-jf9? h I? 1 ? Sis K ( I PTG, 0 . 1 mM) IrttU 
15 £bM4«3 3 7t3T^*£«£bfc 0 *&*^TiL ^^L^H^J:DIhI 

m*mc 0 ^<Dmmmmm%:8 o°c-ei s^iwl, ^ Titbit u-c_l 

20 9 8 2) ^ism^^^o-raij^ufci ^^>. ^gtt^m^^o £fc, 

(H»J4 1 : ^n^S^-s' -^r/**:7^ — Y'rZi/ViS*^?— if) 

25 ^--^-^^-5' -*y*^7x-hf*;V^7-^ 1 0 9 6 ) 

^Escherichia coli rt-C5S^$*5^t«>^ g*T<£>&f££l£ 
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ftlP CR<Sr^-Oti|>lU Zf?^ ^ KpET21 a (+) (Nova gen) 
t#AUt, lim^^^^ K£r#fc 0 ^(D^vXS. KSr^TE s c h e r i 
chia coli BL21 (D E 3 ) ^^K^Ufc 0 
5 mm LfcT ^ U >-Wtt^«^^^T y^v";y (50/ig/ml) £ 
ttf5NZCYM^i (l%NZ7^ys 0. 5% NaC K 0. 5 %4 
— xh^*c*. 0. l%^7if^/^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
fc&KU 3 7°CtOD6 6 0 #0. 4fc! f «i:5tf@iU ^V^yT'n 
0-D-?-jrJf9? Mf^/*>K (I PTG, 0. 1 mM) £»]U 

io-C#fe^Lfc^— —f*-f J: 9 3— K^tiS 

20 7yh7 = V-b^^^ (IB^lJ#-^4 3*3£U*7 7 3) &E s c h e r i 
chia coli ^T<D£^<Sr^i£ b7c D wftbO 

3 — y — i^^yu—^^t^yy^^ vf?r, ^tt^ettp cr»^ 

Tit^U 7°^^^ KpET2 1 a (+) (No v a g e n) ^ALT, 
^7^^ K£#fc 0 i©777^ KSrJlV^E scherichia col 
25 i BL21 (DE3) W^R^UTto 

ttSmUf-TVt'ixy ^»tt?^»^m#:^T^t 0 ^y ^ (50Kg/ml) £ 
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^tt5NZCYM*&«J (l%NZ7$y, 0. 5% NaCK 0. 5%4 
h^Sr*, 0. l%*f^y^ 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 

mg^su 3 7°ceoD6 6o ^o. 4mfcs*T?#*lu $cv»tm yy°n 

t^jj-D-^^^ ^7/>>K (I PTG, 0. 1 mM) l:iau> 

io 9 8 2) Kmrn^^K^xm-^vtit^.^, mmmmmm^^tc 0 */c, 

(H2i£$|4 3 : TTs/^fi^'f-jV— t RNA- v->"fe^ — if) 
15 T^^/^^~ t RNA-^yt^-f (IB^iJ#^-8 08) SrE s c h e r i 

c h i a c o i i ^xmm.^^^tc.mz.^ ^(Dm^mM^o ztib<D 

Ttfil'SU 7*7*5: Kp ET 2 1 a (+) (Nova gen) lljfAbt, M 
/7^? K<lr#fc 0 Z<Dzf?x K K£rJiV^E scherichia col 
20 i BL21 (DE3) «c^?fm^bfc 0 

mm.\sfrT^\i o *yv >-»tt^K^m^^rT^t°vy v (5 0 ^ g/m 1 ) % 

t^tSNZCYMigi (1%NZ7^, 0. 5% NaCK 0. 5 °/W 
— ^boi^X, 0. l%#*?$;Wt. 0. 2%MgS0 4 '7H 2 0 (pH7)) 
tilt, 3 7"CT*OD6 6 0 ^o. 4 ft 5 * T?^* U ^TM' y 
25 fcVv-j3-D-M-#9^ ht°7/^K (I PTG. 0. 1 mM) lri»L> 
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i 



9 8 2) \z&ft<Djjmtc&<>xm%:i'fckzz> s mmmmmw&titco 

(Hi^j4 4 : 7x^77^- t RNA-i/^t^-f) 

lao T#fc> ^rc^-^a/ y — aku: t) Ksats 

7x=/V77=/V- t RNA-^yt?-f (B3?ll##5 0 6*5j;TJ<8 7 8) 
^Escherichia coli t*l £ ii: 5 & fcl, «T©^I:^ 

^tll? CRSrJBWCJtflU Zf=7^% Kp ET 2 1 a (+) (Nova gen) 
tjfALTx ^m^^^^ K£#fco KSrfflV^TE s c h e r i 

chia coli BL21 (DE 3) #c£7£SC3te&Ufco 

UfcT V tr 5/ y ^Wffl^SCfig&ft £T v y V ( 5 0 » g /m 1 ) £ 
^ttSNZCYM^i (l%NZ7rA 0. 5% NaCK 0. 5%^ 
o. l%j&iF5/ik 0. 2%MgS0 4 -7H 2 0 (pH7)) 
l^SSffiU, 3 7ttOD6 6 0 tf* 0 . 4 d&53;7?i#^ U> |fel^y7n 
tf/V- /3-D -^#7^ M^9/S"K (I PTG, 0. 1 mM) »;&PU 
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fr^Lvi — l/A (SB^IJ#-^1 3 6 8) SoJ^v'^a-^B (@H^J#-§-7 2 1) 
^Escherichia coli rtt»SS*5fc»l^ EJlT©ttf£*r£E 

^ftPCR&fflV^TifilgU Kp ET 2 1 a (+) (Nova gen) 

|:#ALt, ^m^^^^ KSr#fc„ ^(Ozf^^K K»TEs che r i 
chia coli BL21 (DE3) tfcSrTgRflB&Ufc:. 

liliLfcTyifv'y ^jett^W^^^T^fv-y >- (5 0 /* g/m 1 ) Sr 
tttSNZCYMftfl (l%NZ7^y, 0. 5% NaCK 0. 5 °/W 
-^hcndr*. 0. l%#1f^/I^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 

Bissau 3 7ttoD6 6o ^0. 4fc&5f:"T?*&*u ^•rM'y^n 

t 9 /^— j3 -D-^^-^f^^ bt°^y v-K (IPTG, 0. 1 mM) SrSSflHU 

1Kb, 3a*««!«K:J:9Wa*U itu*l?asft^»r6ii»-J:5#BttttW 
^#fc 0 i©»M«8 0ttn5»iU &v^3t>Lv£$iUT_L 

iOt^y^f^Frydman, J . e £ a/. (1 9 9 4) JV 
ature 3 70, 111. l!:C*$ih/5*ft^otaitLfcfc-5s i 

d£J£0!l4 6 : TATAfS^^^^W) 
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TATA^^y/^® (iH£(J#-§-3 1) 3rE scherichia col 

U*pET21a (+) (No v a g e n) fcff ALT, K*r#fc„ 
5 r^^XU^IKEscher i ch i a coli BL2 1 (DE 

3) w&j&mm&^fro 

M$Ll,tcT>K°^V isMffl&Rft&fc&Tl'Visy is (5 0 n g/m l) £r 
frttSNZCYM^tt! (l%NZrrA 0. 5% NaCl, 0. 5%-f 
-X}.^*^ o. 0. 2%MgS0 4 -7H 2 0 (pH7)) 

io msettu 37°c-eoD66o ^o. 4 Ki&5*-eJ**i u ^-cm' y 

\£;V- fl-n-f-^rlS 1 ?? htfyy^K (I PTG, 0. 1 mM) lr»U, 

15 ff&#^ r^W^^littfco' 

:©ft^y/^g»Me thods in Enzymology, A 
cademic Pies sKEt^S^fel^otSDltfci: - ^ 
* W^SC^ LT©WiS$^fc, rO^V^^Wtts 90m 

20 

(#O60!) 4 7 : T B P ftSltfMB * ft) 
TB P^Ef^^f-S^R (@H^IJ##1 2 8 9) £:E scherichia c 

77>KpET21a (+) (No v a g e n) KHfALT. 51^9^^ K«r 
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# • 

KSrfilV^TE scherichia coli BL21 
(DE3) «c^WK*U/t. 

fflSLUtrvtrvy ^wtt»K<B*#«rr^tr^y >- (5 0 g/mi) £ 

^tf^NZCYMfffi (1%NZ75^ 0. 5% NaCK 0. 5 %4 
5 ^hx^ 0. l%#1f?/^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 

fcg^fiu 3 7ttoD6 6 0' a*o. 4fcj&s^"t?i#Hu #^-cm 

\?,i,-fi-T> M?7/'>K (I PTG, 0. 1 mM) SrSStJPU 

:©|^y/^f^Methods in Enzymology, A 
cademic Pres s K&H&ZtlZ&mz&o'Cmfe^ltb £3, 

15 M^&^rUTVvfco 

(ItifetfH 8 : RNT— t?H I I ) 

RN7-^H I I (@H^lJ#-^-8 56) ^Escherichia col i ft 
20 -eSSmSitrSfc*^ fiATOlfcf^SrllJSUfeo -^b©t-yyy-f^ 

pET2 1a (+) (Nova gen) t#ALt, ISm^* 5: K%#fc 0 - 
0^7^^ K^fflV^TE scherichia coli BL21 (DE 3) 

25 m$LVltTls\?i/V lsnm&W&&fc*T^\?i/V >- (5 0 n g/ml) £ 
Mf5NZCYMJ§i (1%NZ7^, 0. 5% NaCK 0. 5 %-f 
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— Xh^*rX, 0. 1 0. 2%MgS0 4 -7H 2 0 (pH7)) 

tegSttU 37°CT'OD6 6 0 3*0. 4 t*S*tf*&«IU 2feV^-Y VT'n 
VA'-p-D-tttf 1 ?? h t^/iXK (I PTG, 0. 1 mM) »U 

s e> tn 4 r#iw 3 7 , c-e«*srjHta Lfco #*&t«k *wj&&3g,fr#«tfc: x r> m 

^©tt**»««r*,*S:^ H*flttHMk #*^>- K^y*. *B*«J£ (1 
9 8 2) IOB«fc©;^R:tEoTfflj£Lfc*:£5* SWIStt35S*B§j|xfc 0 
10 9 O^fcSl^&^LTV^Co 

(26ttffl4 9 : t Kn^t-^W) 

fc Kn^ — if/^B^ (MH^!I##1 1 44, 1 1 5 4, 1156, 1516, 
15 1 5 1 8, 1 5 1 9, 1 8 6 9&£T$1 8 7 1) s c h e r i c h i a c 

o i i ft-emw,£&zitm^ ^T©i^^iufc 0 ztitbva— y^v- 

T^f^7i — i»3rgi>:7^V ^ **L^ftPCR&fflvvr*l9igU 7° 
7^U'pET2 1a (+) (No v a g e n) fcjfAbT, ^7^5 K*r 
#fc 0 ^©77^5 KlrffiV^E s c h e r i c h i a coli BL2 1 
20 (DE3) ^f^Lfc, 

m&htcT^vi/y >mm&mfcmfc*T^K°i/}) v (50n/mi) 

"a-^i-SNZCYMittfe (1%NZ7^, 0. 5% NaCl, 0. 5 %-f 
— ^ hrcdp^ N o. I%^7if5;ym, 0. 2%MgS0 4 -7H 2 0 (pH7)) 
fcSMU 37°C-eOD6 6 0 ^ 0 . 4 Jzi^S*^** U &V>TM V -fn 
25 fcT/V-^-D-^^f9^ bt*7/ f K (I PTG, 0. 1 mM) SrSBftlU 
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5 tin (1 9 8 2) fcfB$fcO#&^oT8flj£Lfc£r5, 

(HJfeM 5 0 : L o n ZfxiTT— if) 

10 L o n/nf7-f (ia^lI#^-9 2 9) 3rE scherichia coli 

A^tf7^^^ > h2r, ^r^^PCR^ffiV^TiiitfSL, ^^^^ 
KpET2 1 a (+) (Nova gen) lcl#AbT, ^m^^ * K£#/c 0 
iO^^WtEscher ichia coli BL21 (DE 

is 3) m^mmk^o 

mm ufcT >- 1° v y ^im^ ji^ti^r y^>y^ (SOug/ml) & 

^H-5NZCYM*&±til (l%NZT^y, 0. 5% NaCl, 0. 5 

0. l%^1f^ym> 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 
KiiL, 37°CT*OD6 6 0 # 0 . 4 ^ ft 5 £ T'ig^ U Tm' y :7° * 
20 t>-|l-D- i f^7^ Mf7/v'K (I PTG N 0. 1 mM) IrttL, 

9 8 2) \zmMi<D^m\^<>xw\^vtct^^,mm^'^mm^titc. 0 
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5 ft^/nrT^f^E scherichia coli ft-^SI^Sfc 

^^^b&^ih^ftPCR&JBV^itflU:^;^ Kp ET 2 1 a ( + ) 
(No v a g e n) iufAUT, M^7^5 K£#fc 0 ^tf):/^*^ K3r/i 
V>TE scherichia coli BL21 (DE3) »^M^U 
10 fc 0 

ffimufcT w*/ v ^mmm^mw^r ^ y >- ( 5 0 u g /m 1 ) & 

^^1"5NZ CYMigife (1%NZT5 0. 5% NaCK 0. 5 %-Y 
-^b^^r^, 0. l%#if^/^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
{-g|®U 3 7tT'OD6 6 0 &0. 4 fcjfc5£-T?J&*lU tfCV^^f y :/n 
15 ^-^-D-ft^7^M^7/^K(IPTG x 0. 1 mM) SrttL, 

20 r^a^^^^ms:^ m^mm^m, mm^r???. m^mm a 

(^JSM5 2:77^^) 

^ (IB?!J#-^1 lx 350, 351, 72 7*5it^7 2 8) &E s c 
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her ichia coli ft-C^BS* -3:5 KT©^^^l^t 
Ztitb<DJr*- :7V y — 9*w V"- A«r-£t?:7 9 20< ^ b£r N ^rtb^ti/PC 
RSrJBWCliHBU Kp ET 2 1 a (+) (Nova gen) l-#AL 

KSr#fc„ i^^T^^ KSrfflV^E scher ichia 
5 coli BL2 1 (DE3) t«I^Lfco 

(il^LfcTytf^y yBtt^f feMlr7y^i/y > (50pg/ml) £r 
-g-^Ti- 5 N Z CYM^i ( l %N ZT^ n 0 . 5 % NaCl, 0 . 5 %4 
0. I%^7if5:7m. 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 
iCilL, 37°CT?OD6 6 0 tf* 0 . 4 ^"C^ V :/n 

10 fi-T>—?'$rjf s 7 9 ht?9S (I PTG. 0. 1 mM) Sr^PU, 

£ b^4B#Ffl3 7°CT*^£l»Ufc 0 it^iH-T^ «^^iS(- J: t) IS 

15 ^Oft^^^^R^^?: Aldridge P, Hughes KT.,Curr Opin 

Microbiol. 2002 Apr ;5 (2) : 160-5 ^Ttte-^rtU^fBife^ frhZ>3Cffl.\Z.7T;£tL 

20 (»i5 3 : XT'f P ^t/nrT-^) 

XZf<?V ^yy^^u^T— & (IE?'J## 9 79) ^Escherichia c 
o 1 i ftX*m$L£TtZfrlt)^ OTO^^r^Mbfco ZtLbcD*- y>^V — 
7 £ ^>y7U—J*&<£te-79y*l'h&, ^H^PCR-Sr^TifililU •? 
25 7^U'pET2 1a (+) (No v a g e n) fc^ALT. ^^7*5: K«r 
^fc 0 ^(Dy^X* K£J1V^E scherichia coli BL21 
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(de3) m&mmm&vtco 

tftSNZCYMti (1%NZ7^^ 0. 5% NaCK 0. 5 %>f 
^-^m^^ 0. 1 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 

fcgsau 3 7ttoD6 6o ^o. 4 k: u ^-e^y^t* 

fcW- j3-D-^^f7^ ht°^y->K (I PTG, 0. 1 mM) »U 

^^r#fc 0 ^<Dmm$imm*8 o°cxi s^rbm^u ^xm>t^mvx± 

9 8 2) ^|E^O^fe«oXaiJ^Ufctr^>. ^S14«^$tLfc 0 

(|H«!|5 4 :tt»Ji^^^f A) 
»«Ji^^^lA (m^m^rl 369) ^Escherichia c 

7X5KpET2 1a (+) (No v a g e n) i^Abt, ^m^y^^ 
#fd 0 ^(DzfyT- 5: F^rfflV^TE scherichia coli BL21 
(DE3) ^«K^mbfc 0 

fctim Lfc7 ^ tf U ^Btt^^^^T ^ 9 V (50(ig/ml) £ 
^ff5N Z C YMJ§i ( 1 %N Z7^, 0 . 5 % N a C 1 N 0 . 5 %4 
-^fx^ 0. l%#if^/m. 0. 2%MgS0 4 -7H 2 0 (pH7)) 
i^fU, 37°C-COD6 6 0 4^fi5*T^tU ^V^V7p 
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tTA — jS — D — ^^r^fy^ h \fy / ^K (I PTG % 0 . 1 mM) 

m&nfr* zvmx&ttimm&s oxixi 5#na>»u ^xm^m\^x± 

10 (HtflM 5 5 : ^ K5C ^ WT-if ) 

KJ* * l/T— t? (SH?!!#-5§- 547. 697, 900. 1450. 1702. 
1716.1731. 2010) ^Escherichia coli F\X$& 

15 — ^ h^r. -€:tu^PCR?rfflv>Titi|>SU. 7"7^$KpE 
T 2 1 a (+) (N o v a g e n) fcfAUT, ^51:7^* 3: K2r#fc 0 
7^UWtEscherichia coli BL21 (DE3) ft 

tiilLfcTyt^!) ^Iftt^fe^^rT^fv/y ^ (50/ig/ml) £r 
20 "S^T^S N Z C YMJgi (l%NZ7^y, 0 . 5 % N a C 1 . 0 . 5 %-< 
b^^r^ N 0. I%#1f5:/^. 0. 2%MgS0 4 -7H 2 0 (pH7)) 
Mi£SU. 3 7°CtOD 6 6 0 3^0. 4tft5*'?jgiU ^TJ-f y^o 
trA'-fi-B-T-X-if'?* btf7/^K (I PTG. 0. 1 mM) »U 
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(HJfefll 5 6 :y^U K=3r^^) 
7sV K^iX^ (IH^IJ##2 5 3) scherichia coli rtt? 

l^-A^tf^^^^ ^ b?r. PCR£JSV>-CifiiiSU, ^7^U'pET2 1 
a (+) (Novagen) t#ALt, * ^ K£r#fc 0 ^(7)^7^5: 

K£JiV^ Escherichia coli BL21 (DE3) W&ftZW 

ttimurcT^fv-y ^m-m^W^^Tiy\i'^V ^ (5 0 ix g/m 1 ) £r 
tftSNZCYMJg* (1%NZ75^ 0. 5% NaCK 0. 5 %4 
-^b^i^X. 0. 0. 2%MgS0 4 -7H 2 0 (pH7)) 

i^ftu 3 7°c-eoD6 6o aso. 4 izu&s^-e^Hiu ^cv^-e-r y 

t>-j3-D-^t^7^ ft°7/yF (IPTG, 0. 1 mM) 

$c£r#fc 0 i(D«ttm^?r8 0°C-ei &V^5t'h#ltlUT_h 

®%mm (1 9 8 2) \z.mm<D*mm^x®misfckzz, 
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5 7 : y - /3 - D - tflV^i f- ^ n^-if) 
^^y-^-D-^l,^^-^ (|B?I]##1 9 0 2) £rE s c h e r i 

5 c h i a c o l i rt-^m^iirSfctf)^ WT^^^^Ufdo r*i,k<z> 

/7X^KpET2 1a (+) (Novagen) l^ALT, l&m^^K 
£#fc 0 Z.CDzf'y^ % K3rfflV^-CE scherichia coli BL2 
1 (DE3) te^tbfco 

10 fflmbfcT^tfv-y l/MVkftmfcWi:fc*7>K°^V > (5 0/zg/ml) & 
•^fT 5 N Z CYMJtffi ( 1 %N Z7^A 0 . 5 % N a C K 0 . 5 %4 
—Xh^**, 0. 1%^^^/^ 0. 2%MgS0 4 -7H 2 0 (pH7)) 
tgiU, 3 7tfOD6 6 0 ifiO. 4 iC&5£-Ci£2£U ^V^TM V7v 
tVV-j3-D-^^^^ ht°^/^K (I PTG. 0. 1 mM) £rSs;&nU 

15 §^^4^3 7°C-C^«^r^Ufc 0 ig^T^ IfflJfe^'L^gf \z. J; <9 HI 

*££#7t 0 ^OiWfii«8 0t-ei5»iU ^v^T^il^ilUT-h 
20 mH?mj£ (1 9 8 2) }-|B^O^^oT?l!lSUfc^^5. ^V^SC^tt 

cnwj 5 8 : fa<om&mi&(Dwm) 

^aH5^m#)^E scherichia coli l*!T^m£-fr5fctf>^> ^ 
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>h&, PCRSrJBWCitlBU ^7*5 KpET2 la (+) (N o v a g e 
n) m#ALT\ KSr#*. :©W5 bWTEs che 

richia coli BL21 (DE3) ^SrJgMStifcf-So 
5 Mm bfcT ^ fcTt/ y lsM&T&W&Wkfc*:T is \£i/)>> ( 5 0 ix g /m 1 ) Sr 
tft^NZCYM^tt (1%NZ7^, 0. 5% NaCK 0. 5 %-f 
-^h^drx, 0. I%^7if5:/m> 0. 2%Mg S0 4 • 7H 2 0 (pH7)) 

c^iL, 3 7feoD6 6o a* o . 4 fcifts^-eJt^ u jsfev^y^o 

t> -^-D-ft^7^b^7/^K (IPTG, 0. 1 mM) <H&&nU 

- (Dffi^ ^^R$t£r> 3&mZ*£ti9 >'<?W(DM 2 fcfB*fe<E>3f 5£$^fc^>- 
15 V N "Cx HfcflWIME* ^^SC^K^V*. (19 8 

2 ) ^ fcteM ethods in Enzymo 1 ogyv'D'-X, Acad 
em i c Press K'tBM<D&mK.fc<*Xmi£1r& 9 Tj/-fe>f«?£ttJW*R 

So 

20 

A«r2&KJtK:IB?UU Hfeflsi-S^Sfe&Jfc'**. 
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£jRfcri|IIJ£'ffc£;ft/'CV'»3 0 DNAKyh©^$lt W^p7W©I^ 
lifil0 0~2 0 0/jm N DNAfy^i^ 1 0 ~ 3 0 m m-e&3o 

4*©DNA^#y hO^ft^S. 09*.tfs S^CDNA^i 
5 Sr. bff&U ^y^5?xy h^^&JBvvrDNA©£*LLl*:Efi-r5o 

6 0 : y'f—'fVT'i y^) 

^fc^T^ ^*tKs/ h£ LTSttS, Mites il^^^^Sr^v^^^y 

T*t>J;V\, DNAKy bW:#*||3te5*38WO**5-f-«r=«— Ki"*tt#©DN 

^DTW^i^fJE^l 0 0~2 0 0Mm, /nf^yf y/^f^lt 1 
0~ 3 0 n ml?fo5o 

Tj>'<Df&m&. fifes ^ y ^^srfflv^t/p f-f y©is-t . 
20 }-iBg-r^.o 
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XXf^OtctiXD^ciy h&J&felr&Z. kfcX^fco tit^ Thermococc 
us kodakaraensis KOD 1 0># J A^gH?IJif#, & 

10 mm±(Dmm-^m^ 

15 5 5. 
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a) ^(D^mmfDmm^^-r^iM ; 

hub*©**. 

1 IBtt^^feo 



7 . ~wll& / f 7 ,M3u Thermococcus kodakaraensis 



KOD l<Df?S |»*|[ 1 fc|B|fc©^Sc. 

m i fciaft©*-^ 

5 

9. ftin&flttttt. IH^lJ#^-2~3 4 1, 3 4 3-7 2 2. 7 2 4~1 0 8 6, 
1088-1468, 1470-1837, &£Tf 1 8 3 9~2 15 7^^i 

10 

1 0. -ttz.fi 1 0 8 7{d^$^SSH^I«r^Ti-6. gElfe^H 1 , 

l i. SB?!l##i ■&fc\&i 0 8 7fc&:&lnZ>mffl<D'Pti:< kha<DW$tirZ>& 

15 

1 2 . @E?!J#-5§- 2 — 341. 3 4 3 — 7 2 2, 724—1086, 1088 — 
1468, 1470-1837, %5£Xf 1839-215 7 b&5S£J: & 31 

20 

1 3. g2(D|^P f - 1 , f - 2£fcf3: f -3^-^, ift 2 i^£*L5iH 
fcSV^tt* 2 r - 1, r - 2 l£fcter - 3<D#^, Ifl?iJ#-5§-l 
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1 4 . @H?IJ#-*§- 2 — 341, 3 4 3 — 7 2 2, 724—1086, 1 0 8 8 — 
1 4 6 8, 1 4 7 0 — 1 8 3 7, ^SJltFl 8 3 9 — 2 1 5 7 fahfe V)M 

1 5 . SH?lJ#-5§- 2 — 341, 3 4 3 — 7 2 2, 724—1086. 1 0 8 8 — 
1 4 6 8, 1 4 7 0-1 8 3 7, *3 XTfi 1 8 3 9 - 2 1 5 7 fa 9 3S 

1 6 . @B?!J#-^ 2 — 341, 343 — 722, 724 — 1086, 1088 — 
1 4 6 8, 1 4 7 0—1 8 3 7, fej;t;i 8 3 9~2 1 5 7^b^5HJ:!)l 
15 tR£frb54>&< bhl^&T^ ymm&\'£fcte : £<Dm&it'Pte< th7 0%*@ 

m^fe^iH^J^^^ < t i> 8 o©lit57 5: ymmQ^t?, ^ V Ko 

1 7 . @B?lJ#-*§- 2 — 341, 343 — 722, 724—1086, 1088 — 
1 4 6 8, 1 4 7 0-1 8 3 7, *5 £tf 1 8 3 9 - 2 1 5 7 ;d*6>&5m; 9 51 
20 $l£tlZ>'J?f£< t h 5 smmnt.tz.fe%:<DW&Qb'ptd:< th7 0%t@ 

is. Huia^^^tttt, ^2^*3^-5 a^^fcf«Mi- J: zmm^z 
25 tts^ifg &^-ti\ m&m 1 7 ^is^^ y ^"7?- Ko 



576 



i9. iitt^^^t^^^!J-=ym^TfeoT, 
a) mmm^<Dtf;j*<D±mw&mm-rz>x.m.; 

D) ^^^-t«^f^t5iS ; 

f) t@p^im^^@t^|j|ff^-i4^^3i^5xs ; 33 it; 

10 «r^-T5. >fr$fe. 

A) ; fe&Vfc 

2 1. C) MIBW^'l4^>-^^«^I^^-r6fcJ?)©T5/-fe-r ^7A, 

20 

23. mmwum-tkm-i. The rmococcus kodakaraen 

sis KODlT'fc^N If 2 0 fclH^t^^f 5/ h„ 

25 

2 4. Wf«^t'fcot, 
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@a^(i## l izit\* 1 0 8 7 te&£fiZ>W&l<D'Pft < £ 8 a>3UBS*;/fctt^3i 

5 

2 7. StrfB^fBfe^^fett-twgfe^tt, l»I#tl*fcH:l 0 8 7l^^tb 

15 miBtfcWfefr^TF-^y^. 

2 8 . ttrfB^m^^fctt-t ©afc^frttx fB3«# 2 — 341, 343 — 72 
2. 7 2 4 — 1 0 8 6, 1 0 8 8 — 1 4 6 8, 1470 — 1837, iJocfclFl 
8 3 9 — 2 1 5 7 frtr>iiZ>m£VmiR£thZ>'>te< t 1 o©E^II*=»— Kf 
20 SIBM&^-tf, W^2 4Hl|B*©^f*:^f^y7 p 0 

2 9 . mwm&ftttfcizzitD&Mfo}^ w$m^ 2-341, 343-72 

2, 7 2 4 — 1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 , *5 «fc Tf 1 
8 3 9 — 2 1 5 7 j&» h ft SIB^J £• = — K-T 5 E^JSrUffKl^i-^T-^tf, Hfcfc 
25 S2 4 fclS*©^^^ 3/ 
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3 o . twriBSi^^^ftitt-togfeaEfrwc. - 341, 343-72 

2, 7 2 4 — 1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 , &£X* 1 
8 3 9 — 215 7^6>Jfe5Ba^JSr = — K-r^MB^iJ^^^i-^T^SB^ilO^ 

3 1. tulE^^^fdf«O^C^^ N @B?IJ#-i§-2-3 4 1, 3 4 3-7 2 
2, 7 2 4 — 1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 , #5 J;TJ* 1 
8 3 9 — 2 1 5 7^fe&5iB?lJ3:=t— K^3IB^©i0IWte^^r©IB5!l©*> 

3 2. Bul5^^*/c:f«cD^#:^ N IH?iJ#-^2~3 41, 343 — 72 
2, 7 2 4 — 1 0 8 6, 1 0 8 8 — 1 4 6 8, 1 4 7 0 — 1 8 3 7 , *5 1 
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